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FILTRATION  OF  SEWAGE  AND  OF  WATER, 


CHEMICAL  PKECIPITATION  OF  SEWAGE 

At  thb  Experiment  Station  of  the  State  Board  op  Health  of 
Massachusetts  in  1888  and  1889. 


By  HIRAM  F.  MILLS,  A.M.,  C.E., 

member  of  the  board. 


The  results  of  preliminary  experiments  upon  the  filtration  of  water 
and  a  general  description  of  the  Experiment  Station  at  Lawrence, 
together  with  a  summary  of  results  previously  obtained  in  Europe 
upon  filtration  of  sewage,  are  given  in  the  nineteenth  annual  report 
of  the  Board.  To  render  intelligible  the  operations  at  the  Experi- 
ment Station  during  the  past  two  years,  the  description  of  the 
Station  and  of  materials  used  for  filtering  are  again  given,  with  a 
plan  and  sections  of  the  premises. 

The  filtering  grounds  are  situated  in  the  easterly  part  of  the  city 
of  Lawrence,  on  the  north  bank  of  the  Merrimack  River,  and  com- 
prise about  two-thirds  of  an  acre,  with  their  surface  from  fifteen  to 
twenty  feet  above  the  river  in  summer.  This  surface  is  in  extreme 
freshets  entirely  submerged,  and  has,  in  the  past  forty  years,  been 
built  up  about  eight  feet  by  the  deposition,  when  overflowed,  of  very 
fine  river  silt. 

On  the  northerly  side  of  the  gi*ounds  is  a  building  (shown  in  plan 

and  sections  A  A),  three  hundred  feet   long  and  about  ten  feet 

wide  and  ten  feet  high.     It  is  nearly  all  below  the  surface  of  the 

ground,  with  which  it  slopes  about  one  foot  in  one  hundred  feet. 

It  is  lighted  by  windows  in  the  roof.     Running  lengthwise  through 

this  building  is  a  drain  (d  (2),  and  above  this  was  an  open  wooden 

conduit  (b  6),  about  two  feet  wide  and  one  foot  high,  resting  on 

piles  and  sloping  with  the  building.     This  conduit  is  now  divided  at 

each  tw'enty-five  feet  of  its  length  by  a  tight  partition.     Each  section 

Digitized  by  VjOOQ IC 


2  FILTRATION  OF  SEWAGE. 

thus  formed  is  used  as  a  measuring  basin,  —  being  twenty-five  feet 
long,  about  two  feet  wide  and  one  foot  high,  and  holding  between 
two  and  three  hundred  gallons,  —  and  has  an  outlet  by  which  its 
contents  may  be  turned  into  the  drain  beneath. 

Outside  of  the  building,  in  the  field,  where  the  surface  of  the 
ground  is  seven  and  one-half  feet  above  the  top  of  the  measuring 
basins,  are  ten  large  wooden  tanks,  sunk  their  full  depth  into  the 
ground,  one  opposite  each  of  the  measuring  basins. 

These  tanks,  numbered  1  to  10  in  the  drawings,  were  made  of 
cypress,  circular  in  plan,  sixteen  feet  eight  inches  in  diameter  inside, 
at  the  bottom,  seventeen  feet  four  inches  at  the  top,  and  six  feet 
deep  inside.  They  were  set  with  the  bottom  sloping  four  inches 
towards  the  building,  and  the  tops  of  the  staves  were  cut  level  with 
the  low  side.  They  rest  upon  mudsills  and  a  bed  of  puddle ;  and, 
before  the  sides  were  puddled  in,  the  tanks  were  proved  to  be  com- 
pletely water-tight. 

In  each  tank  an  underdrain  fifteen  feet  in  lenofth,  of  horse-shoe 
section  of  about  two  square  inches  in  area,  is  set  with  open  part 
downwards  and  half  an  inch  above  the  bottom,  resting  on  blocks  six 
inches  apart,  and  the  floor  is  covered  with  one  layer  of  coarse  gravel 
stones  about  one  inch  by  two  inches,  this  by  another  layer  of  smaller 
size,  upon  which  follow  layer  after  layer  of  gravel,  decreasing  in 
size  to  one-eighth  of  an  inch  in  diameter,  and  making  a  thickness  of 
three  and  a  half  inches.  This  fine  gravel  is  covered  with  very  coarse 
mortar  sand,  with  top  surface  level,  three  and  one-half  inches  deep 
in  the  middle  of  the  tank.  Above  this  substratum,  which  is  the 
same  in  all  of  the  tanks,  the  several  tanks  are  filled  as  follows :  — 

Tank  No.  1. — Filled  five  feet  in  depth  with  very  coarse,  clean, 
mortar  sand. 

Tank  No.  2. — Filled  five  feet  in  depth  with  very  fine,  nearly 
white  sand. 

Tank  No.  3. — Filled  with  peat  from  a  cultivated  field,  four  feet 
in  depth,  with  the  previously  undisturbed  lower  layers,  and  covered 
one  foot  in  depth  with  the  original  top  layer. 

Tank  No.  4. — Filled  five  feet  in  depth  with  river  silt,  being 
mostly  a  very  fine  sand  from  the  excavation  made  in  setting  Tank 
No.  5. 

Tank  No.  5.  —  Filled  five  feet  in  depth  with  a  good  quality  of 
brown  soil,  taken  in  the  fall  from  a  garden  which  had  been  manured 
and  cultivated  that  season. 
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Tank  No.  6.  —  Filled  three 'feet  and  eight  inches  in  depth  with 
coarse  and  fine  sand  and  fine  gravel. 

Tank  No.  7. — Filled  three  feet  and  eight  inches  in  depth  with 
the  santo  as  No.  6 ;  above  which  are  ten  inches  of  yellow,  sandy 
loam,  and  six  inches  of  brown  soil. 

Tank  No.  8.  — Filled  three  feet  and  eight  inches  with  the  same  as 
Xo.  6  ;  above  which  is  a  depth  of  eight  inches  of  yellow,  sandy  loam 
like  that  in  No.  7  ;  and  this  is  covered  with  eight  inches  of  sand  and 
gravel,  like  that  beneath  the  loam. 

Tank  No.  9. — Filled  four  feet  three  inches  in  depth  with  a  very 
compact,  sandy  hard  pan  of  clay,  sand  and  gravel,  covered  with  nine 
inches  of  brown  soil. 

In  each  case  the  filtering  material  was  thrown  from  the  shovel, 
scattering  into  water  which  partly  filled  the  tank.  After  filling  each 
tank  to  the  height  given,  which  was  generally  three  inches  below 
the  top  of  the  tank,  a  little  sloping  bank  one  foot  wide  was  filled 
around  the  inside  of  each  tank,  of  the  same  material  as  the  upper 
layer  of  the  filter,  to  prevent  the  liquid  applied  reaching  the  side  of 
the  tank  too  freely.  The  area  of  the  surface  to  which  sewage  is 
applied  and  the  efiective  area  of  the  filtering  material  is  regarded  as 
being  one  two-hundredth  of  an  acre. 

Tank  No.  10  has  been  used  for  the  measurement  of  the  rain-fall 
and  the  evaporation. 

From  the  end  of  the  underdrain  at  the  lowest  point  in  the  bottom 
of  each  tank,  extends  through  the  bottom  a  short  brass  pipe  two 
inches  in  diameter,  to  which,  by  a  quarter-turn,  is  connected  a  two- 
inch  iron  pipe,  which,  passing  through  the  ground  and  into  the 
building,  conveys  drainage  from  within  the  tank  to  its  measuring 
basin,  where  the  quantity  is  read  from  a  scale  indicating  gallons. 

During  November  and  December,  1887,  water  from  the  city  mains 
was  applied  to  the  several  tanks,  with  results  given  in  the  report  for 
that  year. 

Sewage  has  been  brought  to  the  building  in  a  two  and  a  half  inch 
pipe  of  galvanized  iron,  from  a  point  in  the  main  sewer  of  the  city 
about  one  thousand  feet  above  its  outlet,  and  above  the  entrance  of 
streams  from  the  manufacturing  establishments.  This  sewage  from 
stores  and  from  the  dwellings  of  perhaps  ten  thousand  people  may 
reasonably  be  regarded  as  ordinary  city  sewage,  similar  during  very 
dry  weather  to  sewage  separate  from  storm  water,  but  during  wet 
weather  very  much  diluted  by  surface  drainage. 
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The  iron  pipe  follows  the  sewer  to  its  outlet,  and  then  rests  upon 
the  bed  of  the  river  for  three  thousand  feet,  then  extends  three 
hundred  feet  within  the  filtering  grounds,  entering  the  building  and 
running  along  by  the  side  of  the  drain.  The  sewage  is  raised  hy 
two  pumps  (2^.  i?.)  into  two  measuring  basins  (w.  6.),  (7/1.  6-)» 
within  the  building  at  a  higher  level  than  the  top  of  the  filtering 
tanks,  where  the  quantity  to  be  put  upon  any  tank  is  noted  by  a 
scale  of  heights  indicating  gallons,  and  is  distributed,  by  niovahle 
hose,  to  either  of  five  tanks  from  one  measuring  basin,  and  to  the 
other  five  tanks  from  the  other  measuring  basin. 

Besides  these  large  filtering  tanks,  there  have  been  placed  within 
the  building  ten  galvanized  iron  tanks  having  about  the  same  depth, 
but  a  diameter  of  only  twenty  inches,  giving  an  area  of  surface  one- 
hundredth  of  that  of  the  large  tanks,  or  one  twenty-thousandth  of 
an  acre.  These  tanks  are  numbered  from  eleven  to  twenty.  Kach 
has  a  sloping  bottom  and  a  faucet  placed  low  enough  to  completely 
di'ain  the  bottom.  On  the  bottom  of  each  is  placed  coarse  gravel, 
covered  with  finer  gravel  and  coarse  sand  to  a  depth  of  five  inches, 
as  in  the  larger  tanks. 

Upon  these  layers,  common  to  all,  there  was  put  into  No.  11 
three  feet  and  eight  inches  of  material  like  that  in  No.  6.  Tanks 
numbered  12,  13,  14  and  20  were  filled  to  a  depth  of  five  feet  with 
coarse  sand  like  that  of  No.  1 ;  and  tanks  numbered  15,  16,  17  and 
18  were  filled  with  sand  and  peat,  taken  from  the  Saugus  Marshes. 

In  the  field  beyond  the  filter  tanks  the  area  of  about  one-third  of 
an  acre  is  sloped  in  the  direction  from  the  line  of  tanks  about  one 
foot  in  ten  feet,  and  in  the  direction  parallel  with  them  about  one 
foot  in  one  hundred  feet.  This  area  is  laid  out  in  shallow  drains  to 
receive  sewage  for  filtration,  underdrains  being  placed  sixty  feet 
apart,  to  catch  samples  of  the  effluent. 

These  underdrains  are  put  at  the  depth  of  four  feet,  and  slope  like 
the  surface, — onp  foot  in  ten  feet,  —  being  about  fifty  feet  in  length, 
opposite  tanks  Nos.  3  and  8,  and  opposite  the  space  between  Nos.  5 
and  6. 

Trenches  were  cut  two  feet  wide  and  the  bottom  coated  with  two 
inches  of  puddling  clay,  plastered  on,  a  little  lower  in  the  middle, 
where  the  two-inch  drain  tile  was  laid  with  open  joints,  and  sur- 
rounded with  six  inches  in  depth  of  gravel. 

The  surface  drains  are  in  the  material  of  the  field,  which  for 
several  feet  iu  depth  is  a  fine  river  silt,  which  freezes  about  as 
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readily  and  compactly  as  clay.  To  guard  against  the  interference 
of  this  hard  freezing,  shallow  trenches,  which  follow  the  surface  of 
the  field  in  slopes,  one  foot  in  thirty  feet,  one  foot  in  fifty  feet,  and 
one  foot  in  one  hundred  feet,  were  dug  out  one  foot  wide,  with  the 
bottom  level  of  the  same  width,  and  of  the  following  depths  :  No.  1, 
six  inches  deep;  No.  2,  one  foot  deep;  No.  5,  three  feet  deep; 
No.  6,  two  and  one-half  feet  deep ;  and  filled  in  to  these  depths  with 
coarse  mortar  sand  similar  to  Tank  No.  1. 

Trench  No.  7  was  dug  out  one  and  one-half  feet  wide  and  two  feet 
deep ;  and  Trench  No.  8,  two  feet  wide  and  one  and  one-half  feet 
deep,  and  filled  with  the  same  sand.  These  trenches  are  filled  with 
coarse  sand  of  the  different  depths  and  widths,  to  determine  how 
much  of  such  material  is  necessary  to  prevent  trenches  in  river  silt 
from  freezing  and  preventing  filtration  in  the  coldest  weather. 
These  trenches  have  the  surface  of  the  sand  about  four  inches  below 
the  level  of  the  ground  adjacent,  except  near  their  lower  end,  where 
in  fifty  feet  it  increases  to  ten  inches  below. 

They  are  about  five  feet  apart,  and  in  length  as  follows :  No.  1, 
113  feet;  No.  2,  152  feet;  No.  3,  195  feet;  No.  4,  221  feet;  No.  5, 
176  feet;  No.  6,  218  feet;  No.  7,  203  feet;  No.  8,  177  feet. 

As  no  water  appeared  at  the  outlets  of  the  underdrains  for  several 
months,  wells  were  bored,  as  shown  upon  the  plan,  between  two  of 
these  outlets  and  the  river,  to  a  depth  of  eight  feet  below  the  drains, 
before  reaching  water,  which  stood  nearly  at  the  level  of  water  in  the 
river  at  the  time. 

All  of  the  large  tanks  and  the  trenches  were  exposed  to  snow  and 
rain  through  the  first  winter  and  summer,  and  until  Nov.  20,  1888, 
when  tanks  numbered  1,  2,  4,  5,  6  and  7  were  covered  with  canvas, 
and  trenches  numbered  5,  6,  7  and  8  were  covered  with  boards,  to 
keep  out  the  snow.  The  canvas  coverings  were  removed  March  13, 
1889. 

Object  of  the  Work. 
The  conditions  and  results  at  each  tank  will  soon  be  given  in 
detail ;  but  first  let  the  object  of  the  work  be  clearly  presented. 
The  object  is  to  learn  how  to  purify  sewage.  Sewage  varies  much 
in  the  amount  of  impurity  it  carries,  depending  upon  the  amount  of 
water  used.  It  is  much  more  dilute  in  American  than  in  European 
cities.  Here  a  sewage  stronger  than  ordinary  would  contain,  say, 
998  parts  of  pure  water,  one  part  of  mineral  matter  and  one  part  of 
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animal  and  vegetable  matter.     The  animal  and  vegetable  matter  are , 
for  convenience,  classed  together  and  called  organic  matter. 

Sewage  would  become  entirely  purified  if  we  should  take  out  the 
two  parts  of  mineral  and  organic  matter  and  leave  the  998  parts  of 
pure  water ;  but,  as  the  mineral  matter  is  not  generally  objection- 
able, we  are  satisfied  to  call  it  purified  if  we  succeed  in  taking  out 
the  one  part  of  organic  matter. 

Of  the  two  parts  of  mineral  and  organic  matter  in  one  thousand 
parts  of  sewage,  about  one-half  is  in  suspension,  and  can  be  strained 
out  by  the  finest  strainer  that  water  will  pass  through ;  the  other 
half  is  dissolved  in  the  water,  and  cannot  be  thus  strained  out. 

If  a  way  can  be  devised  by  which  the  impurity  of  sewage  can  be 
completely  oxidized  or  burned,  so  that  inorganic  or  mineral  matter 
only  remains  in  the  otherwise  pure  water,  the  result  will  evidently 
be  satisfactory.  To  learn  how  to  do  this  is  the  main  object  of  our 
work. 

The  experience  of  others  as  well  as  our  own  has  proved  —  what 
common  sense  would  suggest  —  that,  if  as  much  sewage  as  will  flow 
through  a  body  of  sand  be  continually  applied  to  it,  some  of  the 
impurity  of  the  sewage  will  be  retained  in  the  sand,  and  will,  for  a 
time,  be  removed  from  the  outflowing  water ;  but  the  sand  will  grow 
to  be  more  and  more  filthy,  until  finally  the  efliuent  will  become  as 
impure  as  the  sewage  that  is  applied.  Under  these  conditions,  no 
process  of  burning  can  go  on  within  the  sand,  because  no  air  is 
present  to  support  combustion. 

If,  however,  we  change  the  conditions,  and  apply,  to-day,  to  the 
surface  of  a  body  of  open  sand,  an  inch  in  depth  of  sewage,  and 
to-morrow  apply  another  inch  in  depth,  and  on  following  days  a  like 
quantity,  and  after  a  time  watch  what  is  taking  place,  we  shall  find 
that  the  sewage  which  covered  the  whole  surface  an  inch  deep 
yesterday  shortly  settled  below  the  surface,  the  bottom  particles 
going  down  about  nine  inches  and  the  top  particles  remaining  just 
below  the  surface.  In  this  nine  inches  about  two-thirds  of  the  space 
is  occupied  by  sand,  one-ninth  of  the  space  is  water,  and  about  one- 
quarter  is  air.  The  sewage  is  suspended  here  in  extremely  thin 
layers,  covering  the  particles  of  sand  and  stretching  between  some 
of  the  nearest  particles,  and  intimately  mingled  with  more  than 
twice  its  volume  of  air. 

Upon  covering  the  surface  with  sewage  to-day,  the  sewage  of 
yesterday  and  most  of  the  air  which  is  associated  with  it  are  pushed 
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down,  with  more  or  less  mixture,  by  the  incoming  sewage,  to  the 
nine  inches  next  below  ;  the  same  quantity  of  water  is  pushed  down 
through  each  of  the  lower  layers  of  the  sand,  and  the  same  amount 
goes  out  at  the  bottom.  Fresh  air  is  brought  into  the  upper  nine 
inches  with  the  incoming  sewage  ;  and,  if  this  open  sand  be  five  feet 
in  depth  to  underdrains,  the  sewage  applied  on  any  day  will,  in  very 
thin  laminae,  be  slowly  moving  for  a  week  over  particles  of  sand 
intermingled  with  twice  its  volume  of  air. 

These  conditions  are  found  to  be  favorable  for  processes  to  go  on 
within  tbe  sand,  which  have  an  effect  similar  to  that  of  burning  up 
the  organic  matter  and  leaving  only  a  mineral  residue  in  the  other- 
wise nearly  pure  water. 

This  method  of  filtration  is  known  as  •*  intermittent  filtration,"  in 
distinction  from  the  first-described  **  continuous  filtration." 

The  process  of  purification  in  intermittent  filtration  has  been 
called  an  oxidizing  process,  or,  more  familiarly,  a  burning ;  but  the 
chemical  products  of  burning,  or  rapid  dry  oxidation  by  means  of 
heat,  are  not  the  same  as  the  products  of  wet  oxidation  occurring  in 
tbe  tbin  laminae  of  the  liquid,  covering  the  particles  of  sand,  in 
contact  with  air  within  the  filter.  Here  nitrification  occurs,  that  is, 
nitric  acid  is  formed  from  the  nitrogen  of  the  organic  matter  and  the 
oxygen  of  the  air ;  and  this  strong  acid  immediately  combines  with 
tbe  potash  or  soda  or  lime  or  other  base  in  the  sewage,  forming 
nitrate  of  potash  or  of  soda  or  other  salt ;  but  when  the  same  liquid 
is  evaporated,  and  the  organic  residue  is  burned  by  the  application 
of  heat,  no  nitric  acid  is  formed,  and  no  nitrification  results. 

When  these  investigations  were  commenced,  it  was  known  that 
nitrification  sometimes  took  place  in  a  liquid  when  acted  upon  by  a 
current  of  electricity ;  beyond  this,  the  experiments  of  Schloesing 
and  Muntz  in  France  and  of  Warington  in  England  tended  to 
prove  that  nitrification  in  a  liquid  never  takes  place  but  with  the  aid 
of  organisms  introducing  into  the  process  the  conditions  of  organic 
life.  As  nitrification  takes  the  leading  place  in  the  process  of  puri- 
fication of  sewage,  we  must  then  regard  as  essential  to  the  process 
the  conditions  most  favorable  to  the  action  of  the  organisms  which 
produce  nitrification.  Among  these  conditions  experiments  had 
already  shown  that  the  presence  of  oxygen  was  essential ;  so  was 
the  presence  of  organic  matter,  of  moisture,  and  of  some  alkali; 
and  the  temperature  should  be  nearly  that  which  is  favorable  for 
plant  life.     Such   organisms   had   been   known  to   exist  either  in 
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sewage  or  in  the  material  of  which  some  filters  were  composed,  and, 
when  existing  with  the  other  conditions  favorable  for  producing 
nitrification,  large  quantities  of  organic  matter  could  be  converted 
into  inorganic  and  mineral  matter. 

The  relations  of  space  occupied  by  sand,  liquid  and  air,  in  the 
example  just  given  of  intermittent  filtration,  obtain  only  in  a  coarse 
sand  of  quite  even  grain.  In  such  a  sand  air  may  bo  found,  in 
nearly  the  quantity  indicated,  many  feet  below  the  surface ;  and 
sometimes  the  application  of  sewage  over  the  whole  surface  will 
force  air  out  through  the  underdrains  at  the  depth  of  five  or  six 
feet;  and  a  few  hours  after  the  application  air  may  move  freely 
through  the  sand  from  the  underdrains  to  the  surface. 

These  relations  difier  widely  in  sands  of  finer  grain  and  with 
mixed  sands.  In  some,  though  completely  underdrained,  liquid 
will  be  held  in  the  lower  two  feet  of  a  five-feet  layer,  filling  all  of 
the  space  between  the  particles  of  sand,  keeping  this  depth  entirely 
saturated,  while  the  upper  three  feet  in  depth  may  contain  from  one 
to  two  times  as  much  air  as  water. 

Still  finer  material  may  remain  saturated  throughout  its  whole 
depth,  and  give  space  for  air  only  near  the  surface,  after  standing 
long  enough  for  the  liquid  there  to  be  evaporated. 

A  few  careful  series  of  experiments  have  been  made  in  laboratories 
abroad,  giving  varying  and  sometimes  astonishing  results  of  the 
purification  of  sewage  by  filtration.*  But  previous  to  the  investiga- 
tions here  presented  very  little  was  definitely  known  anywhere  of 
the  conditions  most  favorable  for  the  purification  of  sewage  by  any 
given  material.  Whether  it  would  purify  at  all,  and,  if  at  all,  how 
much  sewage  could  -be  applied,  and  what  periods  of  intermission 
were  necessary  for  obtaining  a  desired  quality  of  eflluent,  and 
whether  and  under  what  conditions  disease-producing  germs  could 
be  removed,  were  questions  which,  at  the  beginning  of  these  investi- 
gations, could  be  determined  only  by  the  resulting  purification 
obtained  by  experiment ;  that  is,  by  applying  sewage  through  the 
diiferent  seasons  of  the  year,  in  varying  quantities,  and  with  vary- 
ing periods  of  intermission,  to  considerable  areas  of  the  various 
classes  of  material  found  in  our  valleys. 

The  Experiment  Station  at  Lawrence  has  been  arranged,  and  the 
experiments  have  been  conducted,  for  the  purpose  of  determining 

*  For  a  more  detailed  accoant  of  those  experiments,  and  a  general  statement  of  the  results  of 
irrigation  and  of  Intermittent  filtration  in  purifying  sewage  up  to  the  time  of  Ijegtnning  these 
investigations,  see  nineteenth  annual  report  of  the  State  Board  uf  Health  of  Massachusetts, 
pp.  37-41. 
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the  fundamental  principles  of  filtration  not  previously  established, 
and  to  learn  what  can  practically  be  accomplished  by  filters  made  of 
some  of  the  widely  varying  materials  found  in  suitable  localities  for 
filtration  areas,  that  there  may  be  deduced  from  these  results, 
together  with  the  quality  and  physical  characteristics  of  the  materials 
used,  the  probable  efficiency  of  other  materials  to  be  found  through- 
out the  State. 

About  four  thousand  chemical  analyses  of  the  sewage  applied  to 
the  tanks  and  of  the  filtered  eflluent  have  been  made  in  twenty-two 
months,  the  results  of  which  are  given  in  accompanying  tables. 
These  analyses  have  been  made  under  the  direction  and  careful 
superintendence  of  Prof.  T.  M.  Drown,  —  in  part  at  the  laboratory 
of  the  Board  at  the  Massachusetts  Institute  of  Technology  in  Boston, 
and  in  part  at  the  laboratory  of  the  Board  in  Lawrence. 

The  experiments  upon  the  filtration  of  water  and  of  sewage,  and 
upon  chemical  precipitation  of  sewage,  have  been  organized  and 
carried  on  under  the  direction  of  the  writer,  who  has  been  most 
ably  supported  by  Professor  Drown  and  by  Mr.  Allen  Hazen, 
chemist  in  charge  of  the  laboratory  in  Lawrence,  both  of  whom 
have  devoted  their  scientific  ability,  not  only  to  the  technical  work 
of  obtaining  the  results  of  analyses,  but  to  the  interpretation  of 
results,  and  to  the  establishment  of  series  of  experiments  upon  the 
filtration  of  chemical  substances  analogous  to  different  elements  of 
sewage,  that  they  might  have  more  definite  data  to  aid  in  the  inter- 
pretation of  the  results  obtained  with  sewage.  These  experiments 
are  described,  together  with  the  methods  of  analysis  when  differ- 
ing from  those  usually  practised,  in  the  reports  of  these  chemists, 
appended. 

Observations  upon  the  number  of  bacteria,  living  in  the  sewage 
and  in  the  various  efliuents,  have  been  made  during  the  two  years 
by  different  observers,  as  follows :  From  November,  1887,  to  June, 
1888,  by  Dr.  E.  K.  Dunham ;  from  June  to  August,  by  Mr.  H.  L. 
Grant;  through  September  and  October,  1888,  by  Mr.  G.  R. 
Tucker.  In  November,  1888,  this  department  was  reorganized  and 
placed  under  the  superintendence  of  Prof.  Wm.  T.  Sedgwick,  who 
has  been  ably  supported  by  Mr.  E.  O.  Jordan. 

The  examination  of  microscopic  organisms  was,  during  the  first 
year,  under  the  care  of  Mr.  G.  H.  Parker,  Mr.  C.  B.  Davenport, 
observer ;  and  during  the  second  year,  under  the  care  of  Professor 
Sedgwick,  Mr.  G.  L.  West,  observer. 
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Method  of  Recording  and  the  Meaning  of  the  Results  of 

Analyses. 

The  qualities  of  the  sewage  applied  to  these  filters,  and  of  the 
more  or  less  purified  efliuent  flowing  from  their  underdrains,  are 
herein  expressed  in  the  usual  form  of  results  of  chemical  analyses. 
That  these  may  be  understood  by  the  general  reader,  some  explana- 
tion of  the  terms  used  and  the  significance  of  the  results  will  be 
given. 

One  method  of  detennining  the  amount  of  organic  matter  in  a 
liquid  is  to  heat  a  certain  weight  of  it  until  it  all  evaporates,  leaving 
a  solid  residue.  This  residue  is  made  up  of  mineral  matter  and  of 
organic  matter.  If  a  vessel  containing  this  residue  be  carefully 
weighed  and  then  heated  to  a  low  red  heat,  the  mineral  matter  w^ill 
be  changed  but  little,  if  any,  while  the  organic  matter  will  be  nearly 
all  burned  up,  and  pass  off*  as  gases.  If,  now,  the  vessel  be  again 
weighed,  the  loss  in  weight  will  be  approximately  the  amount  of 
organic  matter  burned  up,  which  is  nearly  the  same  as  the  actual 
amount  of  organic  matter  in  the  original  quantity  of  water. 

In  the  tables  which  follow,  the  part  of  the  residue  upon  evapora- 
tion, in  the  samples  of  sewage  and  of  effluent  from  the  filters,  which 
is  burned  up,  is  called  *'  loss  on  ignition,"  and  the  part  that  is  not 
burned  is  called  *'  fixed  residue."  The  former  has  been  regarded  by 
chemists  as  expressing,  in  two  samples,  the  relative  amount  of 
organic  matter,  and  the  latter  the  amount  of  mineral  matter.  Some 
deviations  from  thus  comparing  the  organic  matter,  in  samples 
widely  differing  in  composition,  will  be  explained  later. 

The  principal  constituents  of  animal  and  vegetable  matter  are 
carbon,  oxygen,  nitrogen  and  hydrogen ;  and  when  such  matter 
decays,  much  of  the  carbon  unites  with  oxygen,  forming  carbonic 
acid,  which  passes  off*  as  a  gas  ;  and  much  of  the  nitrogen  and  hy- 
drogen unite,  forming  ammonia. 

The  organic  matter  in  water,  as  it  decays,  gives  off*  carbonic  acid, 
which  in  part  remains  in  solution,  and  in  part  escapes.  The  am- 
monia resulting  from  the  decay  remains  in  solution.  Other  organic 
matter,  about  ready  to  decay,  gives  up  ammonia  when  the  water  is 
boiled.  The  ammonia  in  solution,  and  the  ammonia  thus  set  free 
from  the  organic  matter  in  the  water,  pass  off  in  the  steam  in  a  short 
boiling;  and,  if  this  steam  be  again  condensed,  the  ammonia  is  all 
held  in  solution,  and  its  quantity  can  be  readily  determined.     This 
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is  the  quantity  of  ammonia  which  in  the  following  tables  is  called 
**free  ammonia/'  and,  being  the  product  of  decay,  is  the  most 
characteristic  ingredient  of  sewage. 

There  is  still  a  quantity  of  combined  nitrogen  in  the  remaining 
organic  matter ;  a  part  of  which  —  one-half,  more  or  less  —  can  be 
made  to  pass  off  as  ammonia,  by  putting  into  the  water  an  alkaline 
solution  of  permanganate  of  potash,  —  a  strong  oxidizing  agent,  — 
and  again  boiling.  The  ammonia  thus  obtained  is  placed  in  the 
tables  under  the  name  of  '<  albuminoid  ammonia." 

In  sewage  generally  the  free  ammonia  is  a  much  larger  quantity 
than  the  albuminoid  ammonia;  and,  as  putrefaction  goes  on,  the 
albuminoid  ammonia  becomes  more  and  more  free  ammonia ;  but  in 
the  purified  effluent  we  find  the  free  ammonia  has  been  in  large  part 
changed  by  oxidation  and  combined  with  bases  forming  nitrates ;  a 
part  has  disappeared,  —  possibly  escaped  as  ammonia  and  as  nitro- 
gen gas ;  and  the  albuminoid  ammonia,  much  reduced  in  amount, 
forms  the  larger  quantity. 

For  convenience  in  plotting  diagrams  and  in  expressing  percent- 
ages, the  sums  of  the  free  and  albuminoid  ammonias  are  given  in 
the  table  of  results  under  the  heading  '*  sum  of  ammonias." 

In  the  oxidizing  process  of  purification  in  the  sand,  nitric  acid  is 
foimed  from  the  nitrogen  of  the  ammonia  and  of  the  organic  matter, 
and  the  oxygen  of  the  air.  This  strong  acid  immediately  combines 
with  the  potash  or  soda  or  lime  or  other  base  in  the  sewage,  forming 
nitmte  of  potash  or  of  soda  or  other  salt,  or  what  is  commonly 
known  as  saltpetre  or  Chili  saltpetre,  —  salts  which,  in  the  small 
quantities  in  which  they  exist  in  the  water  coming  from  the  filters, 
are  regarded  as  entirely  harmless.  The  nitrogen  contained  in  these 
salts  in  the  sewage,  or  in  the  water,  is  given  in  the  tables  under 
the  heading  **  nitrogen  as  nitrates,"  and  is  generally  referred  to  as 
**  the  nitrates." 

The  nitrogen  in  the  salts  in  which  the  oxidation  is  not  carried 
so  far,  either  from  too  little  air  in  the  sand  or  from  other  cause, 
being  nitrous  acid  salts,  is  given  in  the  tables  under  **  nitrogen  as 
nitrites." 

The  chlorine  of  the  table  expresses  in  general  the  relative  amount 
of  common  salt  in  samples.  It  may  come  in  part  from  chloride  of 
calcium  or  of  potassium  or  of  magnesium ;  but  these  salts  are  gener- 
ally in  small  quantity  in  sewage,  while  chloride  of  sodium  or  com- 
mon salt  i»  a  characteristic  ingredient. 
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In  all  of  the  tables  of  analyses  of  sewage  and  of  effluent,  the 
numbers  given  express  so  many  parts  or  such  fraction  of  one  part 
in  one  hundred  thousand  parts ;  that  is,  in  one  hundred  thousand 
pounds  of  the  sewage  or  effluent  there  is  found  to  be  the  number 
of  pounds  or  the  fraction  of  a  pound  of  the  material  expressed  in 
each  of  the  columns. 

In  making  comparisons  of  the  organic  impurity  of  the  effluent 
from  the  filter  with  that  of  the  applied  sewage,  we  meet  with  some 
indeterminate  points  which  render  the  comparisons  inexact. 

The  method  of  determining  the  '*  loss  on  ignition/*  practised  here 
in  the  past  fifteen  months,  has  removed  many  of  the  uncertainties  of 
ordinary  results;  but  the  fact  that  a  part  of  the  organic  matter  — 
and  a  larger  part  where  there  is  decaying  matter,  as  in  .sewage,  than 
in  the  purified  effluent — is  removed  by  the  process  of  evaporation, 
causes  the  comparison  of  the  <*  loss  on  ignition  "  of  the  sewage  with 
that  of  the  effluent  to  indicate  a  less  purification  than  has  actually 
taken  place.  An  indication  in  the  same  direction  is  given  by  the 
further  fact  presented  in  the  annexed  report  of  the  chemists,  that 
if  the  mineral  salts  usually  found  in  the  effluents  of  our  nitrifying 
filters  were  in  solution  in  distilled  water  with  no  organic  matter, 
and  were  subjected  to  the  same  process  of  evaporation  and  ignition, 
the  loss  on  ignition  would  be  a  quite  large  fraction  of  one  part  in 
one  hundred  thousand,  varying  with  the  salts  from  0.3  part  to  0.7 
part  (which  may  be  held  in  mind  in  a  general  view  as  0.6  part), 
which,  not  being  organic  matter,  should  be  deducted  from  the 
observed  loss  on  ignition,  to  give  the  amount  of  organic  matter. 
Still  another  condition  affects  the  meaning  of  the  result.  All  organic 
matter  contains  carbon,  but  all  does  not  contain  nitrogen.  That 
containing  nitrogen  is  in  general  the  more  liable  to  putrefy,  and  is 
regarded  as  the  more  objectionable. 

When  comparing  by  the  resulting  ammonias,  we  have  to  consider 
that  free  ammonia  is,  to  a  considerable  degree,  the  result  of  a 
decomposition  of  organic  matter  previously  existing,  and  not  an 
expression  of  the  organic  impurity  at  present  existing.  There  is,  in 
sewage,  a  much  larger  part  of  the  total  ammonia  of  this  character 
than  in  a  purified  effluent ;  and  when  we  compare  the  organic  im- 
purity of  the  effluent  with  that  of  the  sewage,  by  saying,  the  sum  of 
the  free  and  albuminoid  ammonia  of  the  former  is  such  a  percentage 
of  that  of  the  latter,  we  give,  when  the  free  ammonia  has  nearly  all 
been  removed,  an  expression  of  more  complete  purification  than 
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actually  took  place.  If,  on  the  other  hand,  we  compare  only  the 
albuminoid  ammonia  of  each,  we  obtain  a  result  which  indicates, 
when  nearly  all  the  free  ammonia  has  been  removed,  a  less  purifica- 
tion than  actually  took  place. 

When  purification  is  carried  to  a  good  degree  of  completeness,  its 
true  expression  would  generally  be  between  that  indicated  by  com- 
paring the  sum  of  the  ammonias,  and  that  indicated  by  comparing 
the  albuminoid  ammonias.  In  the  varying  stages  of  purification 
this  result  w*ould  be  sometimes  greater  and  sometimes  less  than 
that  shown  by  comparison  of  the  sum  of  ammonias ;  but  for  sim- 
plicity of  statement  the  sum  of  ammonias  of  both  sewage  and  effluent 
are  presented  on  the  diagrams  and  in  the  description  of  results.  All 
of  the  data  are,  however,  given  in  the  tables  of  analyses,  so  that 
other  comparisons  can  be  made  if  desired. 

It  will  be  found  that  the  percentage  which  the  organic  matter  in 
the  effluent  from  the  filters  is  of  that  in  the  sewage,  when  shown  by 
the  loss  on  ignition,  —  even  when  the  process  is  conducted  with 
great  care,  and  the  correction  that  has  been  mentioned  is  applied,  — 
is  two  times,  more  or  less,  the  percentage  which  the  albuminoid 
ammonia  of  the  effluent  is  of  that  of  the  sewage.  One  reason  for 
this  is,  that  the  former  process,  as  far  as  it  can  be  depended  upon, 
presents  the  relation  of  all  of  the  organic  matter  in  the  effluent  to  all 
of  the  organic  matter  in  the  sewage,  while  the  latter  process  presents 
nearly  the  relation  of  the  nitrogenous  organic  matter  in  the  effluent 
to  that  in  the  sewage ;  and,  as  the  nitrogenous  matter  is  the  more 
objectionable  kind  of  organic  matter,  the  latter  comparison  indicates 
more  nearly  the  degree  of  purification  from  the  more  objectionable 
parts  of  organic  matter. 

The  purifying  ability  of  a  filter  is  indicated,  not  only  by  the  small- 
ness  of  the  quantity  of  ammonia  in  the  effluent,  but  by  the  great- 
ness of  the  amount  of  nitrates.  The  nearer  the  nitrogen  of  the 
nitrates  in  the  effluent  is  to  the  whole  amount  of  nitrogen  in  the 
sewage,  the  more  completely  has  the  nitrogenous  organic  matter 
of  the  sewage  been  destroyed,  and  its  objectionable  part  been  used 
to  form  part  of  an  unobjectionable  mineral  matter. 
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FILTER    TANK    No.    1. 


Phtsical  Characteristics. 
This  tank  contains,  above  the  gravel  and  underdrains,  about 
9,000  gallons  of  coarse  mortar  sand,  unusually  clean  and  of  quite 
even  size  of  grain.  A  physical  analysis  of  a  sample  gives  the  fol- 
lowing result,  in  which  the  number  of  the  sieve  expresses  the  num- 
ber of  meshes  in  an  inch  in  length  and  width. 


Approximate  Di- 
ameter of 
Grains,  in  Inches 


Percentage 

oftne  Whole 

Qnantitr. 


Between  eleve  No.  2  and  No.     4,  . 

Between  sieve  No.  4  and  No.   10, . 

Between  eleve  No.  10  and  No.   20, . 

Between  eleve  No.  20  and  No.  40, . 

Between  eleve  No.  40  and  No.   65,  . 

Between  eleve  No.  55  and  No.   70,  . 

Between  eleve  No.  70  and  No.  100, . 
Between  sieve  No.  100  and  No.  140, . 


0.020  to  0.040 
0.012  to  0.020 
O.OIO  to  0.012 
0.008  to  0.010 
O.OOS  to  0.008 
0.003  to  0.005 
0.000  to  0.003 


3 

12 

32 

46 
4.5 
1.0 
1.0 
0.4' 
0.07 
0.08 


By  heating  this  sand  to  redness  there  is  lost  0.42  of  one  per  cent., 
from  which  we  should  conclude  that  the  organic  matter  it  contains  is 
somewhat  les&  than  this  amount.  Treated  with  strong  sulphuric 
acid  at  a  boiling  temperature  for  two  hours,  there  remains  in  this 
sand  98.28  per  cent,  of  silica  and  other  insoluble  material.  The 
soluble  portion  contained  alumina  to  the  equivalent  of  0.45  of  one 
per  cent,  of  the  whole,  and  0.53  of  one  per  cent,  of  oxide  of  iron 
and  manganese. 

The  specific  gravity  of  the  solid  particles  is  2.64,  and  when 
closely  packed  dry  the  specific  gravity  of  the  mass  is  1.64 ;  and  the 
air  space  includes  38  per  cent,  of  the  whole.  As  the  sand  has  been 
packed  in  the  tank,  the  open  space  appears  to  be  about  36  per  cent. 
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The  tank  contained  9,000  gallons  of  sand,  which,  when  saturated, 
contained  3,240  gallons  of  water ;  and  when  drained  there  remained 
about  1,040  gallons  of  water  and  2,200  gallons  of  air. 

The  quantity  of  water  remaining  in  this  sand,  when  drained  so 
that  no  more  will  readily  run  from  it,  is  probably  a  little  greater 
near  the  bottom  than  in  the  upper  layers  ;  but  the  sand  is  so  open 
that,  when  so  drained,  air  can  pass  quite  freely  up  through  a  depth 
of  five  feet  of  it ;  and  when  the  surface  is  covered  with  water,  air 
within  the  sand  will  be  forced  down  and  out  through  the  underdrains. 
With  finer  sands  this  is  not  the  case  :  they  may  be  entirely  saturated 
in  the  lower  foot  or  more  of  their  depth,  while  the  upper  layers  con- 
tain much  air ;  and,  the  free  motion  of  air  through  the  mass  being 
cut  off  by  the  saturated  portion,  the  conditions  affecting  nitrification 
and  the  life  of  organisms  passing  through  are  materially  changed. 

A  sample  of  open  sand  like  this  of  Tank  No.  1 ,  having  a  depth  of 
five  and  a  half  feet,  allowed  water  to  pass  through  it  at  the  i*ate  of 
three  hundred  million  gallons  per  acre  per  day,  when  covered  to  the 
depth  of  six  inches. 

First  Application  of  Sewage.     Extbknal  Circumstances. 
Frost  and  Snow. 

Sewage  was  first  applied  to  Tank  No.  1  on  the  10th  of  January, 
1888.  Previous  to  this  time  water  at  the  temperature  of  45°  F.  had 
Ijeen  filtering  at  the  rate  of  1 ,000  gallons  a  day.  No  frost  was  seen 
upon  the  surface,  and  it  is  quite  certain  that  none  was  in  the  sand 
on  January  9,  after  the  last  1,000  gallons  were  applied.  On  the 
morning  of  the  10th  the  temperature  of  the  air  was  16°.  At  nbon 
it  rose  to  26°,  and  the  next  morning  was  7°.  On  the  two  following 
mornings  it  fell  to  1°  below  zero.  Four  hundred  and  eight  gallons 
of  sewage  were  applied  on  the  afternoon  of  January  10 ;  and  in 
half  an  hour  from  the  beginning  of  the  application  an  increased  flow 
began  at  the  outlet ;  and  in  the  next  two  hours  200  gallons  had 
flowed  out,  indicating  that  there  was  little  or  no  obstruction  from 
frost  at  this  time.  On  the  next  day  the  same  amount  was  applied, 
with  a  similar  result.  Following  this,  for  ten  days  300  gallons  were 
applied  daily. 

On  January  14  the  surface  of  the  tank  was  covered  with  two  inches 
of  snow  and  ice ;  and  it  is  probable  that  from  this  time  sewage  was 
obstructed  in  entering  the  tank,  and,  instead  of  flowing  down  freely 
through  all  parts  of  the  area,  went  through  small  sections  where 
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there  was  the  least  obstruction.  On  January  17  the  temperature  of 
the  air  was  2^  below  zero,  and  three-eighths  of  an  inch  of  ice  covered 
the  surface.  On  this  and  the  three  following  days  the  rate  of  flow 
indicated  decided  obstruction  by  frost. 

During  the  remainder  of  the  month,  with  the  daily  minimum 
temperature  of  the  air  averaging  5°  below  zero,  but  little  more  than 
three-quarters  of  the  quantity  applied  went  through ;  some  accumu- 
lated on  the  surface  with  the  snow,  and  a  part  remained  frozen  in 
the  sand,  so  that  on  February  1   nearly  all  the  sewage  entered  the 
lower  part  of  the  tank  by  a  single  opening  through  the  frost,  which 
the  sewage  had  to  this  time  kept  open,  although  its  temperature 
when  applied  was  but  36°.     This  temperature,  being  some  eight 
degrees  lower  than  that  of  the  sewage  in  the  sewer,  was  due  to  the 
sewage  being  brought  to  the  station  through  an  iron  pipe,  which, 
for  more  than  a  half  mile  of  its  length,  lay  upon  the  bed  of  the 
river  in  water  at  nbout  32°. 

To  distribute  the  sewage  through  a  larger  part  of  the  tank,  two 
holes  were  cut  through  the  frost  on  February  2,  and  there  was  found 
to  be  a  depth  of  snow  and  ice  of  one-  foot  above  the  sand,  and  of 
ten  inches  of  frost  within  the  sand. 

While,  in  this  tank  of  very  open  sand,  150  gallons  of  sewage  at 
36°  —  applied  daily  during  the  extremely  cold  weather  of  the  last 
ten  days  of  January  —  maintained  an  open  passage  at  one  place 
through  the  frost,  it  was  found  that  in  other  tanks,  of  closer 
material,  holes  cut  through  the  frost  would  grow  smaller  by  an 
interior  lining  of  ice. 

Finding  the  sewage  applied  at  so  low  a  temperature  as  36°,  dur- 
ing such  cold  weather,  would  not  keep  the  tanks  open,  a  hot- water 
pipe  was  run  through  the  measuring  tanks,  into  which  all  of  the 
sewage  was  pumped ;  and  for  the  first  two  weeks  in  February  the 
temperature  of  the  sewage  applied  to  this  tank  was  from  36°  to 
44°,  —  averaging  40°;  being  still  4°  degrees  lower  than  the  tem- 
perature of  sewage  in  the  sewer.  On  the  7th  and  14th  of  Feb- 
ruary new  holes  were  cut  through  the  frost,  and  the  quantity  of 
effluent  increased  to  ninety  per  cent,  of  the  applied  sewage ;  still,  . 
the  accumulated  snow  and  ice  were  allowed  to  remain,  to  see  the 
effect  of  applying  150  gallons  of  sewage  daily  at  the  low  tempera- 
ture of  40°  to  a  level  surface  of  very  open  material. 

After  a  trial  of  two  weeks  with  this  temperature  of  sewage,  when 
the  morning  temperature  of  the  air  averaged  8°,  the  snow  and  ice 
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on  the  surface  did  not  decrease ;  and,  the  holes  cut  in  the  ice  and 
frost  being  all  within  a  diameter  of  ten  feet,  it  was  evident  that  the 
filtration  was  effected  by  a  small  fraction  of  the  material  of  the  tank. 

To  render  the  filtration  more  effective,  the  snow  and  ice  were,  on 
the  17th  of  February,  all  removed  from  the  surface  of  the  tank ; 
and  a  ring,  one  and  a  half  feet  wide,  with  outer  edge  one  foot  from 
the  outside  of  the  tank,  was  cut  two  inches  into  the  sand.  This 
ring,  which  was  not  connected  with  the  former  holes  at  any  point, 
was  filled  with  sewage  at  37^,  which  settled  one  inch  in  fifteen 
minutes;  indicating  —  as  many  other  incidents  have  during  the 
winter — that  this  sand,  when  frozen  to  a  considerable  depth,  so 
that  no  opening  can  be  found  for  a  fine  steel  point,  will  neverthe- 
less allow  liquid  to  pass  through  it. 

From  this  time  the  temperature  of  the  sewage  was  increased  to 
52^ ;  and  the  quantity  of  efiluent  was  greater  than  the  quantity  of  sew- 
age applied,  —  including  some  melted  frost  from  the  sand  and  some 
of  the  rain  and  snow  which  fell  upon  the  surface,  —  and  the  filter 
became  very  much  more  efficient  in  purifying  the  sewage.  For  the 
three  weeks  after  removing  the  snow  and  ice  from  the  surface,  the 
morning  temperature  of  the  air  was  from  3^  to  33°,  —  averaging 
16°  ;  and  the  temperature  of  the  sewage  averaged  52°  ;  the  effluent 
from  the  tank  remained  at  36°  ;  the  frost  within  the  tank  grew  less, 
disappearing  over  the  whole  surface,  but  to  be  found  a  few  inches 
below  by  sounding. 

On  March  8,  the  upper  surface  of  the  frost  was  about  eight  inches 
below  the  surface  of  the  sand ;  and,  by  examination  with  a  steel 
rod,  the  frost  appeared  to  cover  more  than  ninety  per  cent,  of  the 
area  of  the  tank;  still,  the  sewage  disappeared  freely,  and,  at  many 
places,  within  the  area  of  frost.  Upon  applying  about  80  gallons  of 
sewage  at  63°  at  one  place,  and  pressing  the  nozzle  of  the  hose  verti- 
cally against  the  frost,  a  hole  would  T[)o  cut  through  to  the  bottom  of 
the  frost,  which  was  about  two  feet  below  the  surface  of  the  sand. 

To  thaw  the  frost  more  effectually,  the  outlet  of  the  tank  was 
closed  on  the  8th  of  March,  and  about  2,200  gallons  of  sewage, 
heated  to  59°,  were  applied  during  this  and  the  two  following  days, 
filling  the  tank  to  a  little  above  the  sand ;  after  which,  about 
200  gallons  were  drawn  off  daily,  and  the  same  amount  applied, 
keeping  the  tank  about  full  until  the  16th  of  the  month,  when 
about  2,000  gallons  were  drawn  off;  and  the  quantity  applied  was 
afterwards  continued  at  150  gallons  per  day. 
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Between  the  8th  and  17th  of  March,  3,300  gallons  of  sewage, 
at  an  average  temperatare  of  63^  F.,  were  applied,  and  the  same 
amount  drawn  off  at  87^, — the  redaction  in  temperature  being 
nearly  all  due  to  the  thawing  of  frozen  sand  in  the  tank ;  and 
there  still  remained  some  frost  to  be  thawed,  the  top  of  which  was 
about  sixteen  inches  below  the  top  of  the  sand,  and  appeared  to 
include  about  one-ninth  of  the  horizontal  area  of  the  tank. 

For  the  remainder  of  March  and  through  the  month  of  April, 
the  150  gallons  of  sewage,  jvhich  were  applied  in  about  eight 
minutes  of  each  day,  disappeared  as  rapidly  as  applied ;  and  the 
eflSuent  exceeded  the  amount  applied  by  about  five-eighths  of  the 
rainfall. 

From  the  2  2d  of  January  to  the  end  of  April  the  quantity  of 
sewage  applied  daily  was  150  gallons,  except  from  March  8  to 
17,  when  more  was  applied,  and  excepting  three  days  when  none 
was  applied. 

The  temperature  of  the  effluent  was  very  constantly  at  36°; 
until,  when  applying  large  quantities  of  heated  sewage  to  thaw 
the  frost  in  the  tank,  it  was  irregular,  ranging  from  36°  to  42° ; 
after  which  it  was  quite  steady  at  38°  and  39°,  until  the  1st  of 
April,  when  it  reached  40°,  and,  during  this  month,  gradually 
increased  to  46°, 

Beginning  or  Nitrification. 
The  ^nitrates  of  the  sewage  were  very  constantly  a  little  less  than 
0.01  part  in  100,000  parts.  The  nitrates  of  the  effluent  rose,  in  the 
first  week,  to  0.10  parts;  but  fell,  by  the  1st  of  February,  to  0.02 
parts ;  and  averaged  less  than  0.02  parts  until  the  28th  of  March, 
when  they  rose  to  0.03  parts ;  followed  by  0.05, 0.08, 0.10  parts,  and, 
by  a  continued  rise  through  the  month  of  April,  to  1.00  part  per 
100,000.  The  time  of  the  change  when  the  increase  in  nitrification 
began  was  when  the  temperature  of  the  effluent  was  39°. 
)  The  nitrates  continued  rising  till  the  7th  of  May,  when  they 
reached  3.00  parts ;  at  which  time  the  temperature  of  the  efflaent 
was  50°.  They  fell  before  the  end  of  the  month  to  0  70  parts,  and 
averaged  for  May  1.97  parts  per  100,000. 

Progress  of  Sewage  through  Sand  indicated  by  its  Chlorine. 

The  Baltness  of  a  liquid  is  not  removed  by  filtering  through  sand. 

Hence,  the  time  when  any  salt  liquid  applied  to  a  filter  reaches  the 
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outlet  may  be  determined  by  the  chlorine  in  the  effluent.  Previous 
to  the  application  of  sewage  large  quantities  of  water  had  been 
filtered  through  this  tank,  whose  chlorine  amounted  to  0.24  parts  in 
100,000.  The  quantity  of  water  held  by  the  sand  at  the  time  of  the 
application  of  sewage  was  probably  about  1,000  gallons.  When 
this  quantity  of  water  is  held  on  the  surface  of  the  sand  particles, 
and  hanging  between  them  on  the  sides  that  are  most  nearly  in  con- 
tact, there  is  still  air  space  amounting  to  about  2,000  gallons 
between  these  thin  walls  of  water.  Upon  applying  water  sufficient 
to  cover  the  surface  of  the  tank,  the  upper  layer  of  the  sand  will 
become  saturated.  The  air  space  there  will  become*  filled  with 
water,  and  the  newly  arrived  water  will  evidently  pass  by  some  of 
the  water  held  between  the  particles  of  sand.  If  the  depth  of  water 
applied  over  the  surface  of  the  tank  be  small,  say  one  inch,  it  would 
fill  the  air  space  then  in  the  sand  to  the  depth  of  four  inches,  if  it 
went  down  in  a  body ;  but  before  going  far  the  forward  particles 
mix  with  the  particles  previously  in  the  sand,  to  some  extent,  and 
push  some  before  them.  Some  of  the  applied  water  lags  behind, 
and  the  new  water  mingled  with  that  previously  in  the  sand  is  dis- 
tributed over  a  greater  depth.  The  newly  arrived  water  moves  on 
less  rapidly,  and  more  completely  replaces  the  water  previously 
held,  and  pushes  this  on  before  it ;  and  in  the  lower  part  of  the  tank 
the  water  moving  downward  is  at  first  entirely  water  that  had  pre- 
viously been  held  by  adhesion  and  capillary  attraction. 

The  distance  below  the  surface  which  any  of  the  newly  applied 
water  reaches,  before  another  application  is  made,  will  depend  upon 
the  amount  applied  and  upon  the  size  of  the  grains  of  sand.  The 
larger  and  more  even  the  grains  of  sand,  the  larger  will  be  the  air 
spaces  and  the  smaller  will  be  the  amount  of  water  held  in  the  sand 
after  it  has  drained  for  a  day,  and  the  more  freely  can  the  new  water 
pass  by  the  old.  If  the  new  water  is  applied  in  large  quantity,  it 
will  pass  by  more  of  the  old  and  reach  the  outlet  by  pushing  before 
it  less  of  the  old  than  if  applied  in  small  quantity. 

In  the  case  of  Tank  No.  1,  with  about  1,000  gallons  of  water,  with 
chlorine  at  0.24  parts,  held  within  the  sand,  408  gallons  (or  suffi- 
cient to  cover  the  surface  to  a  depth  of  three  inches)  of  sewage,  hav- 
ing 3.48  pai*ts  of  chlorine  per  100,000,  were  applied  in  forty-three 
minutes.  Half  an  hour  after  the  beginning  of  the  application,  water 
with  chlorine  at  0.24  parts  began  to  flow  out,  and  in  the  next  two 
hours  half  as  much  as  had  been  applied  flowed  out.     On  the  next 
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day,  after  another  application  of  408  gallons  had  been  made,  and 
510  gallons  had  flowed  out  after  the  first  sewage  had  been  applied, 
the  chlorine  of  the  effluent  amounted  to  2.76  parts,  or  79  per  cent, 
of  that  of  the  sewage.     Hence  liquid  from  the  first  sewage,  pat  on 
in  this  large  quantity,  had  passed  by  much  of  the  water  previously 
held  in  the  sand.     Later  experiments  with  this  open  sand,  in  this 
and  other  tanks,  have  given  the  following  results  :     After  the  sand 
had  been  draining  a  day  or  two  sewage  was  applied,  within  an  hour, 
to  a  depth  of  three  inches  over  the  surface.     The  most  forward 
particles  of  the  sewage  passed  by  nearly  all  of  the  liquid  held  in  the 
smaller  interstices  of  the  sand,  and,  within  an  hour  from  the  time 
they  entered  the  sand  at  the  top,  reached  the  bottom,  having  pushed 
before  them  not  more  than  two  per  cent,  of  the  liquid  previously- 
held  in  the  sand.     The  particles  first  coming  through  were  few, 
mixed  with  many  of  the  liquid  previously  held,  taken  on  from  point 
to  point  all  the  way  down  from  the  top.     About  one-tenth  of  the 
1,000  gallons   previously  held  had   come   out   when   the   applied 
sewage  formed  one-quarter  of  the  effluent ;  and  when  one-half  of 
the  1,000  gallons  had  come  out,  the  effluent  was  about  one-half 
from  sewage. 

An  experiment  with  the  same  depth  of  finer  sand,  like  Tank  No. 
2,  upon  which  was  put  a  depth  of  one  and  a  quarter  inches  of  water 
containing  a  known  quantity  of  salt,  and  this  followed  by  daily 
applications  of  like  quantities  of  water  without  salt,  showed  that 
five-sixths  of  the  contained  water  was  pushed  out  before  any  of  the 
applied  water  came  through,  and  that  half  of  the  salt  had  come 
through  when  a  quantity  of  liquid  equal  to  that  previously  held  had 
passed  out.  The  first  of  the  applied  salt  water  reached  the  outlet 
on  the  eleventh  day  after  it  was  applied ;  and  all  of  it  had  flowed 
out  on  the  seventeenth  day.  On  the  day  when  it  was  strongest  the 
salt  water  came  through  diluted,  by  a  little  more  than  half,  with 
water  previously  held. 

In  this  finer  sand  the  whole  mass  was  much  more  nearly  saturated 
with  held  water,  and  the  space  in  which  the  new  water  could  pass 
by  was  very  small,  so  that  the  first  particles  of  the  new  water  did 
not  reach  the  bottom  till  five-sixths  of  the  water  previously  in  the 
tank  had  been  pushed  out.  But  with  the  coarse  sand  of  Tank  No. 
1  we  find  the  effluent  to  be  from  one-half  to  three-quarters  sewage 
when  half  the  quantity  of  original  water  had  passed  out. 
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Tables  of  Analyses. 

The  daily  observations  upon  this  tank,  together  with  the  results  of 
two  hundred  and  three  chemical  analyses  of  the  effluent  made  dur- 
ing the  twenty-two  months  when  sewage  has  been  applied,  are  given 
in  tables  at  the  end  of  this  section. 

A  table  of  four  hundred  and  seventy-four  analyses  of  sewage 
applied  to  this  and  to  other  tanks  will  also  be  found  there,  and  a 
second  table  giving  analyses  of  the  same  sewage  after  passing 
through  filter  paper  in  the  laboratory. 

Effects  of  Frost  upon  the  Effluent. 

Although  the  chlorine  of  the  effluent  attained  79  per  cent,  of  that 
of  the  sewage  when  510  gallons  of  effluent  had  passed  the  outlet,  it 
did  not  equal  that  of  the  sewage  till  January  18,  when  2,500  gal- 
lons had  passed  out.  In  the  time  from  January  11  to  18,  the  effluent 
was  partly  from  sewage  and  partly  from  water  previously  in  the 
tank. 

From  the  preceding  account  of  the  frost,  it  is  probable  that  in  the 
first  four  days  the  sewage  entered  the  tank  over  its  whole  area ;  but 
that  from  January  14  to  February  17  the  sewage  applied  went  down 
through  the  tank  in  a  varying  area,  —  a  part  of  the  time  through  a 
small  fraction  of  the  whole  area ;  in  which  case  the  result  of  the 
filtration  would  be  similar  to  that  which  would  have  existed  if  many 
times  as  much  sewage  had  flowed  through  the  whole  area  of  the 
tank. 

In  this  time  the  ammonias  of  the  effluent  rose  in  the  first  week, 
while  replacing  the  water,  to  1.1470  parts  in  100,000.  This  was 
the  highest  they  have  ever  attained,  due  no  doubt  to  obstruction 
on  the  surface,  caused  by  a  morning  temperature  of  2^  below  zero 
and  six  inches  of  snow  of  the  previous  day.  From  this  time  to 
Febraary  17  the  sum  of  the  anmionias  decreased  to  0.3400  parts 
and  averaged  0.6553  parts,  which  was  46  per  cent,  of  the  ammonias 
of  the  sewage.  The  quantity  of  effluent  averaged  141  gallons  per 
day. 

From  February  17  to  March  7  the  quantity  of  effluent  averaged 
174  gallons  per  day,  and  the  ammonias  averaged  0.2670  parts,  or  18 
percent,  of  those  of  the  sewage. 

From  March  8  to  16,  when  the  tank  was  filled  and  filtration  was 
made  *<  continuous,"  about  200  gallons  were  put  on  and  drawn  off 
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daily;  the  ammonias  increased  from  0.2640  parts  to  0.4650  parts, 
but  fell  again,  upon  drawing  the  sewage  out  of  the  tank  and  contin- 
uing the  intermittent  application  of  150  gallons  daily;  when,  to  the 
end  of  the  month,  they  averaged  0.3544  parts,  which  was  31  per 
cent,  of  that  of  the  sewage. 

First  ErrEOxs  of  NrrRiriCATioN. 

During  the  first  three  and  a  half  weeks  after  the  nitrates  began  to 
increase  the  ammonias  did  not  decrease,  but  continued  nearly  the 
same,  averaging  0.3940  parts,  and  were  23  per  cent,  of  those  of  the 
sewage. 

During  the  latter  half  of  April  and  in  the  month  of  May,  the 
nitrates  increased  rapidly  from  0.300  parts  on  April  16  to  3.000 
parts  on  May  7,  and  fell  to  2.000  parts  May  12,  and  to  0.700  parts 
on  May  30;  and  the  ammonias  decreased  from  0.3800  parts  on 
April  16  to  0.0460  parts  on  May  12,  and  to  0.0102  parts  on  May 
30.  They  decreased,  during  this  time  of  rapid  nitrification,  from 
81  per  cent,  of  those  of  the  sewage  to  one-half  of  one  per  cent. 
The  free  ammonia  decreased  from  0.3600  parts  to  0.0012  parts,  and 
the  albuminoid  ammonia  from  0.0200  parts  to  0.0090  parts. 

General  Results  of  Filtration  through  the  First  Winter, 
AND  of  the  Beginning  of  Nitrification. 

The  nitrates  and  ammonias  of  the  efiiuent  have  been  traced  through 
the  cold  months  to  and  through  a  very  marked  change  in  both,  which 
occurred  in  the  month  of  May.  By  the  figures  in  the  tables  at  the 
end  of  this  section  and  the  aid  of  the  accompanying  diagram  we  will 
briefly  review  this  important  stage  of  filtration,  occurring  at  a  season 
when  some  writers  upon  filtration  have  said  no  purification  occurs. 

The  nitrates  of  the  effluent  were,  during  January,  February  and 
March,  but  little  greater  than  those  of  the  sewage.  It  was  a  period 
of  no  nitrification  within  the  tank. 

The  ammonias  of  the  effluent  were,  from  January  18  to  February 
17,  46  per  cent. ;  from  February  17  to  March  7,  18  per  cent. ;  and 
from  March  16  to  March  31,  31  per  cent.,  or  a  mean  of  32  per  cent, 
of  those  of  the  sewage,  when  the  average  daily  quantity  flowing 
through  the  tank  was  153  gallons,  which  is  at  the  rate  of  30,600 
gallons  per  acre  per  day. 

From  experiments,  to  be  reported,  upon  other  tanks  of  this 
material  which  did  not  freeze,  it  is  evident  that  the  high  ammonias 


Digitized  by  VjOOQ IC 


FILTRATION  OF  SEWAGE.  23 

previous  to  February  17  were  due  to  large  quantities  of  sewage 
flo^wing  down  through  the  tank  in  small  areas.  If  this  had  not  been 
the  condition,  it  is  probable  that  the  ammonias  of  the  effluent  would 
have  averaged  lower  than  30  per  cent,  of  those  of  the  sewage.  But, 
as  it  was,  two-thirds  of  the  ammonias  of  the  sewage  were  removed 
by  this  open  sand  during  these  cold  months,  in  which  there  was 
more  or  less  frost  in  the  sand. 

But,  upon  the  fi*ost  being  removed,  and  the  temperature  of  the 
eflfluent  rising  to  31)^,  nitrification  began,  and  with  the  rising  tem- 
perature went  on,  increasing  slowly  for  ten  days  and  then  very 
rapidly  for  a  month. 

For  three  weeks  and  a  half  after  the  nitrates  began  to  increase, 
the  ammonias  of  the  effluent  remained  nearly  constant  at  23  per 
cent,  of  those  of  the  sewage ;  then  they  decreased  rapidly  in  one 
month,  and  became,  in  the  latter  half  of  May,  but  one-half  of  one 
I>er  cent,  of  those  of  the  sewage.  The  nitrogen  of  the  organic  mat- 
ter of  the  sewage  was  then  being  oxidized  into  nitric  acid,  which 
combined  with  the  potash  or  soda  or  other  bases  in  the  sewage 
forming  saltpetre  and  similar  salts;  and  the  remaining  organic 
matter,  expressed  by  the  ammonias,  was  reduced  to  less  than  that  of 
the  ordinary  water  supplies  of  the  State. 

PURIFICATIOX   BY  NlTRITICATIOX   CONTINUED. 

From  June  1  to  17,  1888,  the  quantity  applied  (150  gallons)  con- 
tinued the  same,  and  the  effluent  averaged  146  gallons  per  day,  or 
29,200  gallons  per  acre  per  day.  The  nitrates  averaged  1.140 
parts ;  the  nitrites,  0.0004  parts ;  the  ammonias,  0.0141  parts,  or 
but  eight-tenths  of  one  per  cent,  of  those  of  the  sewage,  — the  free 
ammonia  being  0.0008  paits  and  the  albuminoid  ammonia  0.0133 
parts  in  100,000. 

From  June  18  the  quantity  of  sewage  applied  was  doubled,  becom- 
ing 300  gallons  a  day ;  and  the  quantity  of  effluent  was  a  little  less 
or  a  little  greater,  depending  upon  the  amount  of  rainfall.  This 
increased  rate  of  filtration,  of  about  60,000  gallons  per  acre  per 
day,  continued  for  the  next  sixteen  months. 

Effect  of  Increased  Quantity. 
For  the  remainder  of  June  the  nitrates  were  much  less,  averaging 
0.625  parts ;  the  nitrites  continued  at  0.0004  parts ;  the  ammonias 
increased  to  .0183  parts,  or  one  per  cent,  of  those  of  the  sewage. 
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For  the  next  five  months  the  nitrates  varied  from  0.600  parts  to 
1.540  parts,  and  averaged  1.092  parts.  Nitrification  was  going  on 
rapidly.  The  higher  nitrification  generally  followed  the  application 
of  sewage  containing  a  larger  amount  of  ammonia ;  and  the  lower 
nitrification  occurred  with  increase  in  free  ammonia  in  the  eflSuent, 
—  also  when  a  slight  deposit  formed  upon  the  surface,  and  when  the 
sewage  was  not  evenly  distributed  over  the  surface. 

Condition  of  the  Surface. 

Up  to  the  1st  of  August,  when  sewage  had  been  applied  daily 
for  seven  months,  and  40,000  gallons  had  been  applied,  which  is 
the  equivalent  of  8,000,000  gallons  on  an  acre,  the  300  gallons  put 
on  in  sixteen  minutes  all  disappeared  as  fast  as  applied ;  and  when 
the  surface  was  dry,  the  next  morning,  a  handful  of  the  sand  taken 
to  the  nose  did  not  discover  any  odor. 

During  the  latter  part  of  August  the  applied  sewage  was  longer  in 
disappearing  from  the  surface, — the  time  increasing  to  twenty  minutes 
from  the  end  of  the  application.     On  August  21,  after  46,000  gal- 
lons of  sewage  had  been  filtered,  a  slight  deposit  of  organic  matter 
was  observed  on  the  surface ;  but  in  a  week  this  had  all  disappeared, 
and  then  the  only  change  apparent  in  the  surface,  from  the  time 
when  sewage  was  first  applied,  was  the  growth  of  twenty-six  small 
tufts  of  grass.     In  September  the  time  required  for  the  300  gallons 
of  sewage  to  disappear  from  the  surface  was  half  an  hour ;  and  in 
October,  about  an  hour.     During  this  time  of  increasing  delay  in 
disappearing,  it  became  evident  that  the  larger  part  of  the  sewage, 
though   distributed   over  the   surface   with   care,   was    flowing   to 
spots  in  the  surface  which  were  lower  than  the  remaining  area. 
These  low  places  at  first  allowed  more  than  their  share  of  the 
sewage  to  pass  through,  but  gradually  became  choked  sufficiently  to 
allow  less  to  pass.     Their  borders  were  then  overcharged ;  and,  to 
correct  this  without  changing  the  surface,  the  sewage  was,  during 
the  latter  part  of  October,  applied  mostly  to  the  outer  two  feet  of 
the  tank  surface,  where  it  was  supposed  less  sewage  had  passed  than 
in  other  parts  of  the  tank.     The  effect  was  to  wash  down  the  little 
bank  against  the  side  of  the  tank,  which  was  restored  on  November  1 
by  raking  over  about  one-half  the  area  of  the  tank.     At  the  same 
time  the  tufts  of  grass  before  mentioned  were  pulled  up,  arid  the  surface 
levelled  where  they  had  been.     This  was  the  first  disturbance  in  the 
surface  made  after  February,  and  covered  about  one-half  of  the  area 
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in  the  outer  part  of  the  tank.     The  remaining  portion  of  the  surface 
was  left  undisturbed,  to  show  how  little  accumulation  of  sediment  or 
slime  there  would  be  on  the  surface  of  sand  where  nitrification  was 
active.     The  organic  matter  may  be  said  to  be  burned  up  so  com- 
pletely that  it  almost 'entirely  disappears.     During  the  next  ten 
days  the  sewage  was  applied  with  care  and  disappeared  quite  evenly ; 
but  on  November  18  and  19  the  sewage  was  distributed  over  only 
about  half  of  the  surface.     To  prevent  a  recurrence  of  this  con- 
dition a  distributor  was  devised,  consisting  of  four  flat  arms  form- 
ing    a    cross,    suspended  horizontally  at  the  middle,  with   edges 
projecting  from  half  an  inch  to  a  sixteenth  of  an  inch  above  the 
upper  surface.     Sewage  is  applied  at  the  middle  and  flows  out  on 
the  four  arms,  overflowing  the  edges  and  running  out  at  the  ends  a 
foot  from  the  sides  of  the  tank.    By  revolving  the  cross  ninety  degrees 
and  back,  while  the  sewage  is  running  on,  it  becomes  evenly  dis- 
tributed  over  the   surface.     This  was  put  up   and  first  operated 
November  22,  since  which  time  the  impurities  of  the  effluent  have 
been  so  much  less  and  so  much  more  constant  than  for  the  previous 
three  months,  that  it  becomes  more  than  probable  that  during  those 
months  the  results  are  much  afiected  by  the  uneven  distribution  of 
the  sewage  over  the  surface  of  the  tank. 

Beoimen  Essential  to  Success. 

From  later  experience  on  this  and  other  tanks  it  becomes  evident 
that  the  efliciency  of  a  filter  depends  much  upon  steadily  following 
a  course  of  action,  and  requiring  every  part  of  it  to  accomplish  the 
same  work  at  regular  intervals  of  time.  The  filter  becomes  a  deli- 
cate organization,  adapted  to  what  is  required  of  it,  if  its  possibilities 
are  not  exceeded ;  but  any  change  from  the  requirements  is  likely 
to  render  necessary  weeks  of  time  before  the  filter  can  become 
adapted  to  the  changed  conditions.  This  is  illustrated  by  the  action 
in  October,  when  the  attempt  was  made  to  get  a  better  result  by 
applying  sewage  to  the  outer  part  of  the  ai*ea  of  the  tank,  which  had 
not  been  receiving  much  sewage.  The  effect  was  not  a  better 
effluent  but  a  poorer  one,  because  this  section  of  the  tank  was  not 
prepared  by  continued  use  to  perform  the  work  required  of  it. 

The  preparation  required  appears  to  be  the  introduction  by  the 
sewage  of  the  particular  organisms  fitted  to  aid  in  this  work,  and 
their  accumulation  with  a  proper  food  supply,  and  other  favorable 
conditions  by  which  they  become  in  time  adapted  to  accomplish  the 
most  complete  purification  with  the  quantity  of  sewage  received. 
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Any  change  in  quantity  or  mode  of  application  may  dLsorgaoize 
this  working  colony  and  prevent  the  best  results,  until  there  is  time 
for  a  readjustment  adapted  to  the  new  conditions. 

After  November  22  the  application  to  all  parts  of  the  tank  became 
very  regular ;  and  the  effect  of  this,  and  of  the  exclusion  of  min  and 
snow  from  the  tank  for  the  following  three  months,  may  best  be 
observed  by  following  the  changes  which  occurred  after  the  middle 
of  June,  when  the  quantity  of  sewage  was  increased  to  300  gallons 
a  day,  or  at  the  rate  of  60,000  gallons  per  acre  per  day,  and  was 
continued  at  this  rate  for  sixteen  months. 

The  first  marked  effect  of  doubling  the  quantity  of  sewage  applied 
was  a  decrease  in  the  nitrates  in  two  weeks  from  0.850  parts  to  0.450 
parts ;  but  this  was  a  temporary  decrease,  due  to  the  change,  and 
they  increased  steadily  in  the  next  three  weeks  to  1.500  parts.  The 
filter  was  becoming  adapted  to  the  new  conditions.  The  nitrates  in 
July  averaged  1.061  parts,  and  continued  higher  through  August, 
averaging  1.304  parts. 

The  free  ammonia  did  not  increase  with  the  increase  in  quantity 
until  after  two  weeks,  but  remained  as  in  the  first  part  of  the  month, 
averaging  for  June  0.0011  parts,  or  one-tenth  of  one  per  cent,  of 
that  of  the  sewage.  In  July  the  free  ammonia  increased  a  little, 
averaging  0.0031  parts,  which  was  two-tenths  of  one  per  cent,  of 
that  of  the  sewage.  After  this  it  kept  on  increasing  irregularly, 
until  on  November  17  it  amounted  to  0.4000  parts.  In  August  it 
averaged  0.0205  parts ;  in  September,  0.0369  parts ;  in  October, 
0.1343  parts;  and  in  November,  0.2030  parts.  Then  it  amounted 
to  ten  per  cent,  of  that  of  the  sewage. 

After  the  adoption  of  the  method  of  regular  and  even  distribution 
of  the  sewage  and  the  exclusion  of  rain  and  snow  by  a  covering  of 
canvas  stretched  around  and  above  the  tank,  the  free  ammonia 
decreased  rapidly,  and  in  December  averaged  0.0436  parts,  or  4  per 
cent,  of  that  of  the  sewage  ;  and  in  January  was  but  0.0079  parts, 
or  seven-tenths  of  one  per  cent,  of  that  of  the  sewage. 

The  albuminoid  ammonia  changed  but  little  in  June,  averaging 
0.0149  parts.  In  July  it  was  higher,  averaging  0.0171  parts,  and 
continued  increasing  through  the  first  three  weeks  of  November, 
averaging  for  each  month  as  follows :  August,  0.0208  parts ;  Sep- 
tember, 0.0266  parts  ;  October,  0.0296  parts  ;  and  November,  0.0355 
parts,  when  it  was  8  per  cent,  of  that  of  the  sewage.  After  Novem- 
ber 22  it  decreased,  and  averaged  in  December  0.0223  parts,  and 
in  January  0.0162  parts,  or  five  per  cent,  of  that  of  the  sewage. 
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The  sum  of  the  ammonias,  which,  in  June,  1888,  when  30,000 
gallons  per  acre  were  daily  filtering,  amounted  to  0.0160  parts  per 
100,000,  increased,  after  the  quantity  was  doubled,  month  after 
month,  until  on  November  17  it  amounted  to  0.4540  parts.  After 
the  regulation  of  November  22  it  fell,  until  on  December  1  it  was 
but  0.0810  parts,  and  averaged  for  December  0.0659,  and  for  Janu- 
ary but  0.0241  parts,  when  it  was  but  one  and  six-tenths  per  cent, 
of  that  of  the  sewage.  After  this  it  was  higher,  being  in  February 
1889  five  per  cent.,  and  in  March  eight  per  cent.  After  this,  with 
the  increase  in  nitrification  in  April  it  decreased,  averaging  for  the 
month  five  per  cent.,  and  in  May  was  three  and  seven-tenths  per 
cent. 

Nitrification  in  Wintek. 

From  experience  abroad  it  has  been  concluded  that  nitrification 
would  not  continue  through  the  winter  in  this  climate,  and  conse- 
quently purification  by  filtration  would  be  rendered  inefficient  at 
this  season.  The  experience  of  our  first  winter,  1887-88,  showed 
that  nitrification  did  not  begin  until  the  efiiuent  from  a  tank  reached  a 
temperature  as  high  as  39°  F. 

Through  the  winter  of  1888-89  the  tanks  in  the  field  were  pro- 
tected from  the  extreme  effects  of  the  climate  by  excluding  snow 
from  their  surfaces,  by  stretching'a  canvas  covering  over  them  upon 
a  frame  high  enough  to  allow  access  for  proper  distribution  of  the 
sewage. 

The  temperature  of  the  winter  of  1888-89  was  higher  than  that  of 
1887-88,  the  principal  difference  being  in  the  month  of  January, 
which,  in  1888,  was  colder  than  for  twenty  years. 

The  means  of  the  daily  minimum  and  daily  maximum  tempera- 
tures through  the  winter  months  of  the  two  years  are  given  in  the 
following  table :  — 


Table  of  Maximum  and  Minimum  Temperature  of  Air, 


issr-M. 

1SSS-S9. 

Mean 
Max. 

Mean 
Mm. 

Mean. 

Mean 
Max. 

Mean 
Mln. 

Mean. 

NoTember, 

l>wember, 

J«^ 

Februwy, 

Ittrch. 

47.16' 
35.54' 
24.61' 
86. 03* 
89.13' 

28.30' 
20.87' 
6.32' 
12.24' 
20.89' 

87.73' 
28.20' 
15.46' 
23.63' 
29.76' 

48.40' 
88.09* 
39.77' 
32.75' 
45.38' 

31.30' 
21.45' 
23.00' 
11.82* 
26. So- 

89.85' 
29.77' 
81.38' 
22.28' 
35.96' 
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Sewage  was  applied  to  the  tanks  through  the  winter  of  1888—89  at 
the  temperature  of  45°,  which  was  but  one  or  two  degrees    l>elow 
the  temperature  of  sewage  in  the  main  sewer  of  the  citjr.       The 
temperature  of  the  effluent  from  Tank  No.  1  was  49°  in  November, 
41°  in  December,  40°  in  January,  and  38°  in  February. 

In  March  the  sewage  was  applied  at  the  temperature  at  which  it 
reached  the  station,  and  varied  from  34°  to  41°,  and  the  effluent 
was  from  37°  to  41°.  For  the  month  from  February  16  to  March 
16  the  temperature  of  the  effluent  averaged  37 J °. 

The  sewage  was  applied  at  the  low  temperatures  given  in  March, 
for  the  purpose  of  continuing  the  low  temperature  of  the  effluent  and 
reducing  it  to  as  low  a  temperature  as  it  is  ever  likely  to  reach  in  the 
coldest  winter,  when  applied  at  the  temperature  at  which  sewage  from 
a  sepamte  system  of  sewerage  will  be  discharged  from  the  sewer. 

The  conditions  of  nitrification  through  the  winter  are  shown  by 
the  followmg  table,  which  gives  the  total  nitrogen  of  the  sewage 
applied,  and  the  nitrogen  of  the  nitrates  in  the  effluent,  and  the  per- 
centage that  the  latter  is  bf  the  former,  through  the  eighteen  months 
after  nitrates  were  first  formed. 

The  total  nitrogen  of  the  isewage  is  determined  by  the  approxi- 
mate method  of  adding  the  nitrogen  of  its  free  ammonia  to  two 
times  the  nitrogen  of  the  albuminoid  ammonia. 


Percentage  of  Nitrogen  applied  in  the  Sewage  ilhat  appears  in  the  Effltient  as 

Nitrates. 

[The  nitrogen  applied  is  .82  of  the  J^e  ammonia  of  the  sewage,  plui  two  times  .82  of  the  albuminoid 

ammonia.] 


Nitrogen 

Nitrates 
in 

Per  Cent 

Avenifre 

Tbmi*kratceb. 

Effluent 

of 

Daily 
Quantity. 

Date. 

corrected 

Nitrogen 

Sewage. 

f<.r 
Quantity. 

appUed. 

Qals. 

Sew- 
age. 

Effla- 
ent. 

18SS. 

May, 

3.0238 

1.074 

65 

156 

47* 

52* 

June, 

1.7668 

.870 

50 

217 

63* 

64- 

Jaly, 

2.0247 

1.040 

51 

283 

69* 

71- 

August*   . 

8.9618 

1.310 

33 

803 

72* 

73* 

Boptcraber, 

4.8287 

1.021 

21 

326 

6d» 

68' 

October,  . 

2.4970 

1.096 

44 

313 

49* 

bb' 

November, 

2.8837 

1.125 

47 

904 

45» 

49' 

December, 

1.4652 

.794 

54 

288 

46' 

41* 

188». 

January, . 

1.4772 

.737 

50 

283 

45* 

40' 

February, 

1.4864 

.797 

54 

290 

46- 

88' 

March, 

2.0855 

1.148 

55 

294 

37- 

38* 

April, 
MSy. 
June, 

2.4395 

1.968 

81 

299 

45* 

46* 

2.3517 

2.125 

90 

262 

60- 

69' 

2.9614 

1.842 

62 

243 

66* 

«• 

Jaly. 
August. 

3.1160 

1.785 

57 

293 

72» 

70* 

2.6490 

2.024 

79 

287 

71* 

69* 

September, 

3.2989 

1.470 

45 

286 

68* 

ei* 

October,  . 

2.0411 

1.596 

64 

293 

63* 

66* 
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From  this  presentation  it  will  be  seen  that  during  the  four  cold 
months  of  1888-89,  viz.,  December,  January,  February  and  March, 
53  per  cent,  of  all  of  the  nitrogen  applied  in  the  sewage  was 
found  in  the  nitrates  in  the  effluent ;  while  in  the  previous  four 
months,  during  which  the  same  quantity  was  being  filtered,  only 
33  per  cent,  of  the  total  nitrogen  applied  was  found  in  the 
nitrates  of  the  effluent.  That  is,  during  these  cold  months  nitrifica- 
tion was  entirely  satisfactory,  and  was  much  more  complete  than  in 
the  previous  four  months  of  August  to  November,  and  was  but  little 
less  complete  than  for  the  past  year,  when  it  averaged  61  per  cent. 

It  is  to  be  further  noted  that,  whereas,  when  sewage  was  first 
applied  in  the  winter  months  of  1888-89,  no  nitrification  occurred 
until  in  the  spring,  when  the  effluent,  which  had  been  at  a  tempera- 
ture of  35^  or  36^,  rose  to  the  temperature  of  39°,  now  we  find 
that,  after  nitrification  has  become  established,  the  temperature  of 
the  applied  sewage  may  be  reduced  to  four  degrees  below  39^,  and 
the  effluent  be  maintained  for  weeks  at  two  degrees  below  39°,  with 
no  diminution  in  the  completeness  of  nitrification. 

This  winter's  experience  with  this  tank  of  open  sand  gives  confi- 
(^nce  that,  if  a  filtering  area  of  this  material  is  protected  from  the 
snow,  it  will  continue  to  purify  sewage  by  nitrification  very  effl- 
ciently  through  all  seasons  of  the  year. 

Increased  Nitrification  ix  the  Spring. 

By  examining  the  table  further,  it  will  be  seen  that  with  the 
advent  of  spring  nitrification  became  more  complete,  averaging  for 
April  81  per  cent,  and  in  May  90  per  cent,  of  the  total  nitrogen  of 
the  sewage ;  decreasing  through  June  and  July,  to  averages  of  62 
and  57  per  cent,  respectively,  and  increasing  in  August  to  79 
per  cent.,  and  again  decreasing  in  September  and  October  to  45  and 
54  per  cent. 

More  Complete  Nitrification  the  Second  Year. 

The  six  months,  May  to  October,  of  the  second  year,  show  the 
average  percentage  of  nitrates  to  be  63,  while  in  the  corresponding 
six  months  of  the  previous  year  they  averaged  41  per  cent.  This 
tank,  being  constantly  in  use  for  nearly  two  years  without  any 
renewal  of  material  or  removal  of  sediment  from  the  surface,  nitri- 
fies much  more  completely  during  the  latter  six  months  of  the  second 
year  than  during  the  corresponding  six  months  of  the  first  year. 

Digitized  by  VjOOQ IC 


30 


FILTRATION  OF  SEWAGE. 


Diagram  of  Daily  Observations  and  Table  op  Results. 

The  results  of  analyses  of  the  effluent  of  Tank  No.  1,  tog'ether 
with  the  sum  of  ammonias  of  the  unfiltered  sewage,  are  presented  to 
the  eye,  as  they  changed  from  day  to  day,  by  a  diagram  accompany- 
ing the  tables  at  the  end  of  this  section.     This  diagram  will  be  clear 
from  the  explanations  which  it  contains ;  but  attention  should  be 
given  to  a  peculiarity  in  the  vertical  scale,  inasmuch  as  the  quan- 
tities from  .0  to  0.06  are  plotted  five  times  as  large  as  quantities 
between  0.06  and  1.00,  in  order  that  very  small  quantities  may  be 
distinguished;  and  the  scale  for  quantities  greater  than  1.00  is  but 
one-half  of  that  for  quantities  between  0.06  and  1.0. 

For  immediate  use  the  results  of  the  analyses  of  sewage  and  of 
effluents  pertaining  to  Tank  No.  1  are  grouped  in  monthly  averages 
in  the  following  table  :  — 


Monthly  Averages  of  Daily  ResuUs  with  Tank  No.  1 

P 

Rrsidcb  on 
Evapora- 
tion. 

AincoNiA. 

1 

NiTROQBN 
A8 

1 

^ii 

Date. 

1 

1 

A 

< 

1 

1 

1 

ui 

y*^ 

IMS. 

1 

Jannary  10-26,  . 
January  11-31| . 

Sewage.  . 
Kffluent. . 
Per  cent.. 

198 

49.02 
4.20 
8.7 

25.47 
12.02 
47.2 

1.2789!    .7744 
.5986    .0670 
46.8        8.7 

2.0533 
.6656 
32.4 

2.67 
2.59 

.007 
.042 

_ 

36' 

120.725 

Jan.  27-Fob.  22, 
Febraary,  . 

Sewage.  . 
Effluent, . 
Per  cent.. 

158 

21.55 
2.20 
10.2 

14.37 
10.57 
73.6 

1.0673 
.4323 
40.5 

.5120 
.0491 
9.6 

1.5793 
«  .4814 
§0.6 

2.56 
2.29 

.007 
.015 

: 

36* 

14.693 

Feb.23-Mar.24, 
March,       .        . 

Sewage,  . 
Efflaunt, . 
Per  cent.. 

238 

15.04 
2.14 
13.4 

19.23 
9.93 
51.0 

.5822 
.2985 
56.1 

.3939 
.0224 
5.7 

.9261 
.3209 
34.7 

2.14 
2.26 

.007 
.023 

.0027 
.0008 

38" 

24.195 

Mnr.  2S-Apr.  18, 
April,         .        . 

Sewage,  . 
Bfflaent. . 
Per  cent.. 

153 

37.55 
4.53 
12.1 

45.99 
12.62 
27.2 

1.0772 
.3613 
33.5 

.7011 
.0176 
2.5 

1.7783 
.3789 
21.3 

3.06 
2.66 

.008 
.348 

.0022 

4r 

2,326 

Apr.  19-May  22, 
May.  .        .        . 

Sewage,  . 

Effluent, . 
Per  cent.. 

156 

41.94 
12.40 
20.0 

47.07 
18.03 
88.3 

1.1494  1.2642 

.0548!    .0100 

4.8          .8ofI 

2.4136 
.0648 
2.7 

3.62 
3.22 

.008 
1.975 

.0022 
.00o8 

62* 

8.129 

May  23-Jane  25, 
Jane, . 

Sewage,  . 

Effluent, . 
Per  cent., 

217 

17.44 

7.33 

42.0 

23.53 
21.22 
00.2 

1.3546    .3887 
.U011,    .0149 
.lofl  3.8 

1.7433 
.0160 
.9ofl 

4.35 

6.78 

.008 
.911 

.0005 
.0004 

64- 

4.032 

Jane  2«-July  24, 
July.  . 

Sewage,  . 
Bfflaent, . 
Per  cent., 

283 

15.04 

6.25 

41.0 

26.60 
27.00 
101.5 

1.7120 
.0031 
.2ofl 

.3730 
.0171 
4.6 

2.0850 
.0202 
1.0 

6.96 
7.01 

.009 
1.061 

.0002 
.0033 

71* 

4,601 

Jnly25.Ang.24, 
August,     . 

Sewage,  . 
Effluent, . 
Per  cent.. 

803 

53.05 

3.88 
7.3 

52.23 
27.76 
63.1 

2.7265  1.0462 
.0205     .0208 
.8ofl  2.0 

3.7717 
.0413 

la 

6.63 
7.22 

.012 
1.301 

.0000 
.0023 

7.r 

'68 

Aug.25-Sept.25, 
Sepiember. 

Sewage,  . 
Effluent, . 
Per  cent., 

325 

56.29 
8.<'8 
5.5 

74.55 
32.11 
43.1 

2.4605  1.7141 
.0369'    .0266 
1.5        1.0 

4.1746 
.0635 
1.5 

10.60 
9.01 

.943 

.0900 
.0042 

68* 

1,002 

Sept.  26'Oct.  27. 
October.    . 

Sewage.  . 
Kfflaent. . 
Per  cent., 

313 

17.94 
2.61 
14.5 

33.05 
25.52 

2.0675    .4888 
.1343    .a290 
6.5      16.1 

3.6563 
.1639 
6.4 

6.80 
6.20 

1.049 

.0000 
.0074 

56' 

657 
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Monthly  Averages  of  Daily  Results  with  Tank  No.  1  —  Concluded. 


3  S 

U 
1  = 

BKSinrK  ON 
Evapora- 
tion. 

AmttntiL 

1 

'i          *' 

1 

Date. 

1 

1 

|1 

1 

It 
E 

1 

til 

III 

II»«8-Con. 

Oct.  28-Xov.  24, 
Ix  ovembf  r, 

Sewage,  . 
Effluent.. 
l\-r  cent , 

304 

16.33 
2.08 
12.7 

31.30 
26.45 
84.6 

2.0400 
.2030 
10.0 

.4335 
.0355 
8.2 

2.4735 
.23So 
9.6 

8.20 
6.41 

1.109 

.0000 
.0047 

49* 

789 

XoT.2.VDec.25. 
X^ecember, 

Bewajce,  . 
Effluent. . 
Per  cent., 

288 

13.83 
1.64 
11.9 

30.86 
22.61 
73.3 

1.1694 
.0436 
8.7 

.2941 
.0223 
7.6 

1.4635 
.0659 
4.6 

6.67 
4.94 

.024 
.8-26 

.0000 
.0004 

41- 

2,394 

r>ec.  25-Jan.  28, 
January,    . 

Sewage,  . 
Effluent. . 
Percent., 

^ 

11.78 
1.54 
13.1 

24.41 
22.89 
98.8 

1.1480 
.0079 
.7ofl 

.3136 
.0162 
5.2 

1.4616 
.0241 
1.6 

4.41 

4.92 

.019 
.781 

.0025 
.0003 

40* 

4,819 

Jan.  2»-Feb.  25, 
February,  . 

Sewage.  . 
Effluent, . 
l»er  cent., 

290 

9.83 
2.27 
23.1 

18.64 
19.65 
106.0 

1.1195 
.0498 
4.4 

.3321 
.0238 
7.2 

1.4516 
.0736 
6.1 

3.92 
3.93 

.011 
.825 

.0128 
.0006 

38- 

4,316 

Feb.  2(V-Mar  28, 
March.       .        . 

Sewage.  . 
Effluent. . 
Per  cenln 

294 

13.63 
2.66 
18.9 

23.83 
22.62 
94.9 

1.6783 
.1363 
8.1 

.4266 
.0376 

8.8 

2.1039 
.1739 
8.3 

4.62 
4.23 

.010 
1.172 

.0013 
.0022 

38' 

1,336 

Mar. »- Apr.  27, 
.April,         .        . 

Sewage.  . 
Kffluent, . 
Per  cent , 

^ 

13.16 
2.12 
16.1 

24.95 
28.13 
112.7 

2.0504 
.1067 
6.2 

.4573 
.0255 
5.6 

2.6077 
.1322 
6.8 

4.98 
4.70 

.008 
2.043 

.0002 
.0025 

46* 

"90 

-Apr.  28-May  28, 
May,  .        .        . 

Sewage,  . 
?:ffluent, . 
Per  cent., 

262 

15.92 
2.06 
12.9 

24.90 
80.24 
121.4 

2.0029 
.0544 
2.7 

.4319 
.0352 
8.2 

2.4348 
.0896 
3.7 

4.77 
4.74 

.001 
2.117 

.0000 
.0019 

69' 

"91 

tfay29-June28, 
June,. 

Sewage,  . 
Effluent,. 
I'er  cent., 

243 

20.21 
2.04 
14.6 

29.21 
26.17 
89.6 

2.5693 
.0394 
1.6 

.5200 
.0301 
5.8 

3.0703 
.0695 
2.3 

6.11 
6.17 

.000 
1.844 

.0000 
.0022 

66' 

199 

June  27-Jnly  28, 
July,  . 

Sewage,  . 
Effluent.. 
Per  cent.. 

293 

26.66 
2.64 
9.9 

83.48 
26.64 
79.7 

2.8686 
.0059 
.2ofl 

.7167 
.0189 
2.6 

3.0843 
.0248 
.8ofl 

6.23 
6.81 

.000 
1.767 

.0000 
.0002 

70* 

6.838 

Jnly29-Ang.27, 
AuKuat,      . 

Sewage.. 
Effluent,. 
Per  cent., 

1»7 

21.80 
1.90 
8.7 

38.69 
80.10 

77.8 

1.8843 
.0043 
.2ofl 

.6121 
.0177 
2.9 

2.4964 
.0-220 
.9ofl 

4.83 

5.60 

.000 
2.050 

.0000 
.00U3 

69- 

966 

Atig.28-8ept.2e, 
Kepteuibvr, 

Sewage.  . 
Effluent, . 
l*er  cent.. 

286 

40.25 
3.90 
9.7 

66.87 
26.45 
44.8 

1.9092 
.0583 
8.1 

1.0560 
.0365 
3.6 

2.9661 
.0948 
8.2 

4.37 
4.06 

.000 
1.506 

.0000 
.0014 

6r 

132 

Sept.  27-Oct.  28, 
October,     . 

Sewage,  . 
Effluent, . 
Per  cent., 

293 

28.10 

28.24 

1.9853 
.0918 
4.6 

.8000 
.0280 
8.5 

2.7853 
.1198 
4.3 

4.95 
4.47 

1 

.001 
1.584 

.0002 
.0022 

56* 

1,184 

Referring  to  this  table  and  to  the  diagram  of  daily  observations 
accompanying  the  tables  of  daily  observations,  the  general  results 
of  the  twenty-two  months'  use  of  this  filter  will  be  noted ;  and  the 
results  of  the  second  year's  use  compared  with  those  of  the  first 
year,  which  have  already  been  given  with  much  detail. 

The  quantity  of  sewage  passing  through  the  filter  in  the  four 
months  previous  to  June  18,  1888,  was  at  the  rate  of  about  30,000 
gallons  per  acre  per  day ;  except  during  a  part  of  March,  Avhen  a 
larger  quantity  was  flowing.  After  June  18,  1888,  through  October, 
1889,  the  daily  quantity  was  nearly  doubled,  averaging  58,000  gal- 
lons per  acre  per  day. 
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This  quantity  was  applied  for  one  year,  from  June  18,  1888,  to 
June  18,  1889,  as  follows :  —  300  gallons  on  five  days  in  the  iveek, 
GOO  gallons  on  Saturday,  and  none  on  Sunday.  After  June  18, 
1889,  the  application  was  made  on  four  days  in  the  week,  500 
gallons  at  a  time. 

The  Loss  on  Ignition,  through  the  Two  Years. 

The    loss  on  ignition  of  the  effluent  was,  during  the  first  four 
months  of  the  first  year,  about  twelve  per  cent,  of  that  of  the  sew- 
age.    It  rose  rapidly  with  the  nitrates  in  April,  as  clearly  shown  on 
the  diagram  of  daily  results  which  accompanies  the  tables,  and  con- 
tinued high,  even  above  forty  per  cent,  of  that  of  the  sewage,  when 
the  ammonias  of  the  effluent  were  less  than  one  per  cent,  of  those 
of  the  sewage.     A  similar  great  increase  in  the  loss  on  ignition 
accompanied    the    increase   in    nitrates,   and   continued   with    the 
decrease  in  ammonias,  in  the  effluents  from  other  filtering  materials ; 
and  Mr.  Allen  Hazen,  who  has  charge  of  the  chemical  laboratory  of 
the   Experiment   Station   of   the   Board   at    Lawrence,   found   by 
experiments  that  this  increase  in  loss  on  ignition,  accompanying 
increase  in  nitrification,  was  not  due  to  an  increase  in  organic  mat- 
ter.    He,  for  reasons  given  in  his  report,  which  is  appended,  con- 
cluded that   previous  to  the  increase  in   nitrates  —  including  the 
months  previous  to  April  —  the  loss  on  ignition  expressed,  at  least 
roughly,  the  amount  of  organic  matter  in  the  effluent ;  but,  after 
nitric  acid  was  generated,  the  weight  of  the  residue  on  evaporation 
was  increased  by  deliquescence  of  the  salts  of  calcium  and  mag- 
nesium ;  and  on  heating  to  a  low  red  heat  there  were  giv^en  off,  in 
addition  to  the  organic  matter,  hydrochloric  and  nitric  acid  and 
water  of  crystallization  from  the  magnesium  salts,  which  in  some 
cases  increased  the  loss  on  ignition  to  many  times  the  amount  of  the 
organic  matter.     The  results  of  the  loss  on  ignition,  after  nitrifica- 
tion became  rapid,  were  then  indefinite  and  misleading. 

To  correct  this,  Mr.  Hazen  concluded  to  add  to  the  water  to  be 
evaporated  a  definite  amount  of  sodium  carbonate,  which  caused  the 
calcium  and  magnesium  to  be  precipitated  as  carbonate,  and  left  in 
solution  sodium  salts  of  the  acids  present,  which  are  only  slightly 
deliquescent,  do  not  contain  water  of  crystallization,  and  do  not  give 
off  hydrochloric  and  nitric  acid  by  the  method  of  ignition  used. 

This  addition  of  sodium  carbonate  was  found  by  Mr.  Hazen  to 
greatly  decrease  the  loss  on  ignition,  and  to  cause  it  to  indicate. 
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much  more  nearly,  the  organic  matter  present  when  the  effluent 
contained  hydrochloric,  nitric  and  sulphuric  acid  in  excess  over  the 
alkalies,  soda  and  potash.  When  these  acids  are  not  present  in 
excess,  the  loss  on  ignition  is  practically  the  same,  with  or  without 
the  use  of  the  sodium  carbonate. 

From  Aug.  1,  1888,  the  loss  on  ignition  and  the  fixed  residue 
have  been  determined  in  all  of  the  effluents  from  the  tanks,  and,  in 
the  sewage  and  city  water  with  which  they  are  compared,  by  the 
addition  of  sodium  carbonate. 

Before  nitrification  began  in  Tank  No.  1,  the  loss  on  ignition  was 
9,  10  and  13  per  cent,  of  that  of  the  sewage,  and  amounted  in  Jan- 
uary, 1888,  to  4.26  parts ;  in  February,  to  2.20  parts ;  and  in  March, 
to  2.14  parts  per  100,000.  After  nitrification  began,  this  loss  on 
ignition,  obtained  in  the  usual  way,  increased  to  12.40  parts  in 
May ;  and  in  June  and  July  was  7.33  parts  and  6.25  parts,  or  more 
than  40  per  cent,  of  that  of  the  sewage ;  while  the  sum  of  the 
ammonias  averaged  less  than  one  per  cent*  of  that  of  the  sewage. 
For  the  reasons  already  stated,  these  high  losses  on  ignition,  obtained 
in  the  usual  way,  give  no  indication  of  the  amount  of  organic  mat- 
ter in  the  effluent.  After  August  1,  when  sodium  carbonate  was 
constantly  used,  the  loss  on  ignition  of  the  effluent  was,  in  August, 
3.88  parts,  which  was  7  per  cent,  of  that  of  the  sewage ;  and  in 
September  it  was  3.08  parts,  or  6  per  cent,  of  *that  of  the  sewage. 
In  the  following  twelve  months  the  monthly  averages  varied  from 
1.54  parts  to  3.90  parts,  or  from  9  to  23  per  cent.,  averaging  for 
the  year  2.36  parts,  or  14  per  cent,  of  that  of  the  sewage.  During 
the  same  time  the  albummoid  ammonia  in  the  effluent  averaged  6 
per  cent,  of  that  in  the  sewage ;  so  that  the  percentage,  which  the 
loss  on  ignition  in  the  effluent  was  of  that  of  the  sewage,  was  about 
two  and  a  half  times  the  percentage  which  the  albuminoid  ammonia 
of  the  effluent  was  of  that  of  the  sewage. 

Daring  the  four  cold  months  of  1888-89,  the  loss  on  ignition  of  the 
effluent  averaged  2.00  parts,  or  17  per  cent,  of  that  of  the  sewage ; 
indicating  that  the  efficiency  of  the  filter  was  nearly  as  good  during 
the  winter  as  during  the  rest  of  the  year. 

The  Fixed  REsrouE   in  the  Two  Years. 
In  the  first  four  months  of  filtration,  when  there  was  little  or  no 
mtrification,  the  fixed  residue  on  evaporation  averaged  11.26  parts 
in  100,000,  and  was  50  per  cent,  of  that  of  the  sewage.     After 
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nitrification  began,  the  fixed  residue,  wliich  in  the  eflluent  is  nearly 
all  mineral  matter  in  solution,  became  more  in  amount  and  a  greater 
percentage  of  the  fixed  residue  of  the  sewage.  In  May  it  averaged 
18.03  parts,  or  38  per  cent, ;  in  June,  21.22  parts,  or  90  per  cent.  ; 
and  in  July,  27.00  parts,  or  101  per  cent,  of  that  of  the  sewage. 

After  August  1  the  fixed  residue  was  determined  by  the  addition 
of  sodium  carbonate  in  fixed  quantity,  which  quantity  was  deducted 
from  the  mineral  matter  weighed.  By  experiments  made  upon  the 
effluent  from  this  tank,  the  resulting  fixed  residue,  when  determined 
by  the  addition  of  sodium  carbonate,  was  found  to  be  a  little  in 
excess  of  that  determined  in  the  usual  way.  At  the  time  of  the 
experiments  the  excess  was  about  one-fourteenth  part. 

From  August,  1888,  to  October,  1889,  the  fixed  residue  of  the 
effluent  varied  in  monthly  averages,  from  19.65  parts  to  32.11 
parts,  or  from  43  to  121  per  cent,  of  that  of  the  sewage,  and  gave  a 
general  average  of  26.17  parts,  or  82  per  cent,  of  that  of  the  sewage. 

Some  of  the  Mineral  Matter  of  the  Sewage  removed 

BEFORE  reaching  THE  STATION. 

The  sewage  brought  to  the  Experiment  Station,  through  the  pipe 
nearly  a  mile  long,  must  of  necessity  contain  less  mineral  matter 
in  suspension  than  the  sewage  in  the  sewer;  for  the  reason  that 
some  of  the  mineral  matter  which  enters  the  pipe  is  gradually 
deposited  in  the  upper  500  feet  of  its  length,  and  has  to  be  blown 
out  of  this  section  by  a  stream  from  the  city,  hydrant  once  in  a  month 
or  two. 

From  this  cause  we  do  not  receive  as  much  sand  upon  the  filters, 
with  the  sewage,  as  would  be  poured  upon  them  if  near  the  outlet 
of  the  sewer ;  but  they  probably  receive  as  much  mineral  matter  in 
suspension  as  they  would  receive  from  sewers  conveying  sewage 
only,  without  the  washings  from  streets, — which  is  the  kind  of 
sewage  for  which  filters  are  to  be  used. 

Relation   of   Suspended  Matter   to  Matter   in   Solution  in 

the  Sewage. 
To  show  the  relation  of  the  mineral  and  of  the  organic  matter  in 
suspension  to  that  in  solution,  the  following  table  of  monthly  aver- 
ages of  analyses  of  crude  sewage  and  of  sewage  filtered  through  filter 
paper  in  the  laboratory  to  remove  the  suspended  matter,  is  now 
presented :  — 
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Monthly  Average  of  Analyses  of  UnJiUered  Sewage,  and  of  Sewage  Filtered 
through  Filter  Paper  in  the  Laboratory. 


lUTX. 


Pebmaiy, 
March, 


April,  . 
May,    .       . 

JOM,    . 

Jaly,  . 
Angoit, 
September, 


October, 


Korember,  , 
December,  . 

Janxuiry, 
February, 
Mareh, 
April,  . 
M.y,    . 
Jnne,  . 


lf»A9. 


UnfUtered, 
Filtered, 
Per  cent., 

Unaltered, 
Filtered, 
Per  cent., 

Unflltered, 
Filtered, 
Per  cent., 

UnSltered, 
Filtered, 
Per  cent., 

Unaltered, 
Filtered, 
Per  cent.. 

Unaltered, 
Filtered, 
Per  cent.. 

Unaltered, 
Filtered, 
Per  cent., 

Unaltered, 
Filtered, 
Per  cent., 

Unaltered, 
Filtered, 
Per  cent.. 

Unaltered, 
Filtered, 
Per  cent., 

Unaltered, 
Flllered, 
Per  cent.. 

Unaltered, 
Filtered, 
Per  cent.. 

Unaltered, 
Filtered, 
Per  cent., 

Unaltered, 
Filtered, 
Per  cent.. 

Unaltered, 
Filtered, 
Per  cent., 

Unflltered, 
Filtered, 
Per  cent., 

Unflltered, 
Filtered, 
Per  cent., 

Unflltered, 
Filtered, 
Per  cent.. 


Rbsidub  on 
evaporatiok. 


Lou  on 
Ignition. 


34.86 
5.05 
14 

21.88 
9.24 
42 

20.87 
4.08 
22 

94.25 
6.29 
15 

40.86 
6.57 
16 

16.93 
10.21 
60 

15.08 
8.46 
66 

79.01 
16.40 
21 

S0.05 
13.10 
44 

17.07 
11.21 
66 

16.78 
9.57 
61 

14.48 
9.44 
66 

10.90 
9.27 
85 

9.88 
7.23 
73 

13.74 
9.21 
67 

13.19 
8.30 


15.81 
11.97 

76 

26.82 
16.63 
64 


Fixed. 


28.81 
14.24 
61 

16.60 
12.64 
81 

27.67 
13.47 
49 

40.80 
17.96 
44 

46.14 
20.64 
45 

25.22 
21.02 
88 

25.02 
23.25 
93 

80.74 
80.05 
37 

48.44 
86.45 
76 

80.26 
27.24 
90 

82.16 
27.26 
86 

29.86 

25.87 
87 

22.98 
21.82 
95 

18.56 
17.50 
94 

24.24 

20.60 
86 

25.04 
22.20 


24.86 
23.36 
94 

30.51 
23.66 

78 


AXHOKIA. 


1.2006 
1.0606 
88 

.9537 
.9342 
98 

.7238 
.6843 


81 


.8965 
.8766 


l..^M8 
1.2753 
94 

1.4073 
1.3527 
96 

1.8710 
1.7767 
95 

2. 8461 
2.7239 
96 

2.1543 
2.0443 
95 

2.1909 
2.1973 
100 

1.8405 
1.8486 
100 

1.1967 
1.2000 
100 

1.1318 
1.0055 
97 

1.1605 
1.0706 
92 

1.72r«) 
1.6665 
97 

2.0529 
2.0076 


2.0877 
2.0123 
96 

2.6420 
2.4480 
96 


Albu- 
minoid. 


.6313 
.1438 


23 


.4979 
.1621 


26 


.4138 
.1096 


.7438 
.0044 
13 

1.2494 
.1148 
9 

.3627 
.1150 


.4081 
.1676 
41 

2.0a30 
.2361 
12 

.7152 
.2067 


.4632 
.1977 


43 


.4091 
.1882 


46 


.35^^! 
.1978 


.2723 
.1418 


.3471 
.1669 


45 


59 


.43r)7 

.2570 


53 


.4514 
.2400 


.4377 
.2941 
53 

.6095 
.2715 
45 


Sum. 
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Monthly  Average  of  Analyses  of  UnfiUered  Sewage^  and  of  Sewage  Filtered 
through  Filter  Paper  in  the  Laboratory  —  Concluded. 


Datb 


RK8IDCB  ON 

Evaporation. 


Loss  on 
Ignition. 


Albn- 
minoid. 


1889 -Con. 
July 

August, 

September, 

October, 

Average  of  above  22  montha,    j 
Average  of  last  12  montha,        | 


Unflltered, 
Filtered, 
Per  cent., 

UnfiUered, 
Filtered, 
Per  cent., 

Unflltered, 
Filtered, 
Per  cent., 

Unflltered, 
FlUered, 
Per  cent., 

Unflltered, 
Filtered, 
Per  cent., 

Unflltered, 
Filtered, 
Per  cent., 


24.67 
14.81 

22.16 
14.07 


34.73 
17.27 
50 

28.29 
17.38 
61 

24.55 
10.70 
44 

19.11 
12.10 


84.35 
23.97 
70 

89.09 
24.71 
63 

46.82 
26.92 
57 

29.51 
24.48 
83 

32.78 
22.70 
60 

29.83 
23.53 
79 


2.3920 
2.3055 
96 

1.9268 
1.8936 
98 

1.8640 
1.7925 
96 

1.9231 
1.9115 
99 

1.7017 
1.6399 
96 

1.8202 
1.7710 
97 


.6380 
.3045 


48 


.6623 
.34U 


.9965 
.4610 


.7460 
.4158 


56 


.6296 
.2162 


34 


.5302 
.2675 


50 


2.3318 
1.8561 


2.3504 
•2.03S5 
87 


The  mean  results  for  the  whole  time  are  given  at  the  foot  of  the 
table.  Upon  examining  the  cause  of  the  extreme  variations  from 
the  mean,  it  is  found  that  in  August,  1888,  two  or  three  exceptional 
days  control  the  month ;  and  the  same  is  true,  to  a  less  extent,  in 
April  and  May,  1888.  For  some  reason  not  clearly  seen,  the 
character  of  the  sewage  was  more  uniform  during  the  last  twelve 
months  than  previously.  Taking  a  mean  of  the  results  for  the  past 
twelve  months,  one-third  of  the  organic  matter  in  the  crude  sewage, 
shown  by  the  loss  on  ignition,  is  in  suspension,  and  two-thirds  in 
solution.  Of  the  mineral  matter,  one-fifth  only  is  in  suspension  and 
four-fifths  in  solution.  One-half  of  the  nitrogenous  matter,  as  shown 
by  the  albuminoid  ammonia,  is  in  suspension,  and  one-half  in  solu- 
tion. Of  the  free  ammonia,  nearly  if  not  quite  all  is  in  solution, 
only  three  per  cent,  appearing  in  suspension. 

The  average  amount  of  chlorine  in  the  sewage  for  the  last  twelve 
months  was  5.25  parts  per  100,000. 

In  has  been  stated  that  at  one  time  the  fixed  residue  of  the 
eflfiuent  averaged,  for  one  month,  121  per  cent,  of  the  fixed  residue 
of  the  sewage.  This  was  in  May,  1889,  when  the  mineral  matter  in 
solution  in  the  sewage  was  94  per  cent,  of  all  of  its  mineral  matter; 
and  the  nitrogen,  in  the  form  of  nitrates,  was  so  great  that  it  is 
quite  certain  that,  in  order  to  form  these  nitrates,  some  mineral 
matter,  in  the  form  of  a  base  which  had  been  previously  stored  in 
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the  sandy  must  have  been  taken  up  by  the  nitric  acid  formed,  and 
come  oat  of  the  tank  with  the  effluent  as  soluble  nitrate,  increasing 
the  mineral  matter  in  solution  beyond  that  which  was  supplied  by 
the  sewage  during  this  month. 

Analyses  op  Mineral  Constituents  of  Sewage  and  of 

Effluent. 
Analyses  were  made  of  the  mineral  constituents  of  the  sewage  of 
Dec.  11,  1888,  and  of  the  effluent  from  this  tank  of  December  1*5,  — 
about  the  time  that  sewage  would  get  through, — with  the  results 
given  in  the  following  table :  — 

Mineral  AneUyses  of  Sample  of  Sewage  and  its  Effluent  in  Parts  per  100,000  of 

the  Original  Liquid, 


1888. 

Effluent 

ttom  THiik 

Mo.  1, 

Dec.  U, 

1888. 

• 

Sewage, 

Dec.ll, 

1888. 

£flluont 

from  1'ank 

No.  1, 

Dec.  16, 

1888. 

48.4 

24.6 

Allaminium  oxide, 

0.17 

0.18 

Lo«B  on  ignitioii,    . 

18.6 

1.6 

Ferric  oxide,  . 

0.01 

0.01 

Fixed  residae. 

29.8 

23.0 

Manganic  oxide,     . 

0.66 

0. 

Sodiojn  oxide. 

6.18 

6.24 

Nitrogen  as  nitrate. 

0. 

0.70 

PoUMium  oxide,    . 

1.06 

1.46 

Chlorine, 

4.98 

4.66 

Calciom  oxtde. 

3.36 

2.98 

Salphuric  acid. 

1.57 

2.11 

Maipieeiuin  oxide, . 

0.84 

0.86 

Silica,      .       .       . 

1.86 

1.42 

Theee  anbatancee  may  be  combined  aa  follows  :— 


Potasainm  nitrate, . 
Potassium  chloride. 
Sodium  chloride,  . 
Sodium  nitrate. 
Sodium  sulphate,  . 
Sodium  carbonate, 
KagDesium  chloride, 


8.10 
6.76 


2.28 
1.62 


3.04 

6.69 
1.01 
3.74 

1.49 


Magnesinm  carbonate. 
Calcium  carbonate, 
Alumina, 
Ferric  oxide,  . 
Manganic  oxide, 
Silica,      .        . 


1.76 
6.00 
0.17 
0.01 
0.66 
1.86 


0.48 

6.32 

0.18 

0.01 

0. 

1.42 


General  View  of  hie  Ammonias  of  the  Effluent. 
Taking  a  general  view  of  the  ammonias  of  the  effluent  of  Tank 
No.  1,  through  the  two  years,  they  are  found  to  be  low  at  three 
distinct  periods ;  one  beginning  in  the  last  week  in  May,  continued 
through  June,  July  and  August,  1888,  when  they  averaged  less 
than  one  per  cent,  of  those  of  the  sewage.  Ihe  first  month  of  this 
period  was  when  30,000  gallons  per  acre  were  filtering  daily ;  and 
the  remainder  included  the  first  two  and  a  half  months,  when  60,000 
gallons  per  acre  were  filtering  daily.  Continuing  the  latter  quantity, 
the  ammonias  of  the  effluent  increased  to  10  per  cent,  of  those  of  the 
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sewage  in  November,  and  fell  to  1.6  per  cent,  in  January.  Again, 
they  rose  to  8  per  cent,  in  March,  and  fell  to  less  than  one  per  cent. , 
which  they  maintained  through  July  and  August,  1889,  and  rose  to 
4  per  cent,  in  October.  The  average  percentage  that  the  ammonifts 
in  the  effluent  were  of  those  in  the  sewage  for  the  eighteen  months 
after  nitrification  commenced  was  three  and  one-quarter. 

Comparison   of  Purification  by  Intermittent  Filtratiox   ix 
Winter  with  that  of  the  Year. 

During  the  year  from  Oct.  31,  1888,  to  Oct.  31,  1889,  the 
monthly  averages  of  the  free  ammonia  of  the  effluent  varied  from 
0.0043  parts  to  0.2030  parts,  or  from  two  tenths  of  one  per  cent,  to 
10  per  cent,  of  that  of  the  sewage,  and  averaged  0.0668  parts,  or 
3.7  per  cent,  of  that  of  the  sewage. 

During  the  four  cold  months,  December  to  March,  the  monthly 
averages  of  the  free  ammonia  varied  from  0.0079  parts  to  0.1363 
parts,  or  from  seven-tenths  of  one  per  cent,  to  8  per  cent,  of  that 
of  the  sewage,  and  averaged  0.05l»4  parts,  or  4.2  per  cent,  of  that 
of  the  sewage. 

The  albuminoid  ammonia  during  the  year  varied  by  monthly 
averages  from  0.0162  parts  to  0.0376  parts,  and  from  2.6  per  cent, 
to  8.8  per  cent,  of  that  of  the  sewage,  and  averaged  0.0273  parts, 
or  5.7  per  cent. 

During  the  cold  months  the  albuminoid  ammonia  varied  fropi 
0.0162  parts  to  0.0376  parts,  which  was  from  5  to  9  per  cent,  of 
that  of  the  sewage  then  applied,  and  averaged  0.0250  parts,  or 
7.2  per  cent. 

Bringing  together  the  results  of  the  different  examinations  of  the 
effluent  during  the  cold  months  of  1888-89,  in  comparison  with  those 
of  the  year,  we  have  :  — 


Fob  thb  Cold  Moxtiu. 

Purts 
per  100,000. 

Percentage 

of  the 

same  in  the 

Sewage. 

Parts 
per  100,000. 

Percentage 

ofUie 

same  in  the 

Sewage. 

TiOAfl  OD  iffnltlon      .••««■•• 

2.86 

14. 
3.7 
6.7 

2.00 

0.0594 

0.0260 

17. 

Free  ammonia, 

0.0668 

4.2 

Albaminold  ammonia, 

0.0273 

T.2 

Perocntsge 

of  Total 
Nitrogen  In 
the  Sewage. 

Percentage 

ofTutaT 

Kitrogen  In 

the  Sewage. 

Nitrogen  at  nitrates, 

1.4687 

62. 

0.9010 

55. 
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We  find  that  duriog  the  cold  months  the  nitrification  was  nearly 
as  complete— 'aboat  nine-tenths  as  complete  —  as  the  mean  for  the 
year ;  and  that  the  loss  on  ignition  and  the  anmionias  of  the  effluent 
were  but  about  one-fifth  greater  percentage  of  the  amounts  in  the 
sewage  producing  the  effluents  than  for  the  year.  This  is  in  all 
respects  a  very  satisfactory  result  of  continued  purification  by  this 
filter  during  the  winter. 

Comparison  of  Results  of  Two  Years, 
Comparing  the  quality  of  the  effluent  by  the  ammonias  and  by 
the  completeness  of  the  nitrification  during  the  last  six  months  of 
the  second  year  with  the  corresponding  six  months  of  the  first  year, 
we  have :  — 


PXRCXKTAOB  THB  AMXOMIA8  OF  TRK  EFFLUBNT 
AEK  OF  TH08B  OF  THK  APPUBO  8BWA0B. 

Percentage  the 

Nitroyeu  of 

the  Nitrates  in  the 

Free. 

Albuminoid. 

Sum. 

Effluent  i8  of 

the  Total  Nitrogen 

in  tlie  Sewage. 

mill 

IMS. 

4.8 

0.1 
0.2 
0.8 
1.6 
6.6 

1M9. 

2.7 

1.6 
0.2 
0.2 
8.1 
4.6 

1S88. 

0.8 

8.8 
4.6 
2.0 
1.6 
6.1 

18S9. 

8.2 

6.8 
2.6 
2.9 
8.6 
8.6 

18S8. 

18S». 

8.7 

2.3 
0.8 
0.0 
3.2 
4.8 

18S8. 

66 

62 
62 
83 
20 
42 

1880. 

00 

63 
67 
80 
46 
64 

ATBBA6X,        . 

2.3 

2.0 

8.1 

4.4 

2.8 

2.6 

44 

66 

The  mean  quantity  passing  through  the  filter  in  the  last  six 
months  has  been  but  four  per  cent,  greater  than  in  the  correspond- 
ing six  months  of  the  first  year.  The  degree  of  purification  aver- 
ages nearly  the  same,  the  sum  of  the  ammonias  dififering  but  two- 
tenths  of  one  per  cent.  The  albuminoid  ammonia  averaged  one  and 
three-tenths  per  cent,  greater  in  the  second  year  than  in  the  first ; 
but,  on  the  other  hand,  nitrification  was  much  more  complete  during 
the  second  year,  —  indicating  that  the  filter  was  in  a  better  condition 
to  continue  purifying  than  it  was  during  the  first  year. 

The  last  six  months  of  the  second  year  began  when  120,000  gal- 
lons of  sewage,  or  the  equivalent  of  24,000,000  gallons  on  an  acre, 
had  been  filtered  through  this  sand;  and  ended  when  171,000  gal- 
lons, or  the  equivalent  of  34,200,000  gallons  on  an  acre,  had  been 
filtered  through  the  same  sand ;  the  whole  amount  having  been 
filtered  without  any  removal  of  sediment  from  the  surface,  or  any 
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cleaning  of  the  sand,  except  such  cleaning  as  the  process  of  oxidation 
or  of  nitrification  produces.  This  cleaning  process  has  the  effect  of 
burning  up  the  organic  matter  of  the  sewage,  both  that  which  at  times 
is  deposited  upon  the  surface  and  that  which  permeates  the  sand. 

During  the  last  half-year,  the  effluent  fi-om  this  filter  has  been 
generally  colorless  and  clear,  with  little  or  no  sediment. 

Storing  of  Nitrogenous  Matter  in  the  Sand. 

Reference  has  been  made  to  the  storing  up  of  nitrogenous  matter 
in  the  sand  during  the  early  weeks  of  filtration ;  and  in  some  cases 
it  has  been  evident  that,  when  nitrifitation  was  very  active,  as  in  the 
spring,  more  nitrogen  came  away  from  the  tank  than  was  then  being 
applied  to  it,  making  the  conclusion  necessary  that  some  of  the 
nitrogenous  matter  previously  stored  in  the  sand  was  being  removed. 
Upon  further  examination,  it  became  evident  that,  taking  a  series 
of  months,  with  quite  active  nitrification,  there  was  not  as  much 
nitrogen  coming  off  with  the  effluent  as  was  being  applied ;  from 
which  it  would  follow  that,  if  the  excess  applied  was  being  stored  in 
the  sand,  the  filter  would  in  time  become  useless. 

To  test  the  question,  a  long  series  of  experiments  was  first  made, 
under  the  direction  of  Professor  Drown,  to  determine  the  relation 
of  the  nitrogen  found  in  the  albuminoid  ammonia  to  the  total  organic 
nitrogen  of  the  sewage  and  of  the  different  effluents.  He  found  the 
relation  was  not  a  constant  one ;  but  that  in  both  the  sewage  and  the 
effluents  the  average  amount  of  total  organic  nitrogen  was  a  little  more 
than  two  times  the  nitrogen  of  the  albuminoid  ammonfa ;  and  that, 
for  the  purposes  of  comparison  of  quantities  of  nitrogen  applied  and 
those  coming  off,  it  would  be  reasonable  to  calculate  the  total  nitro- 
gen in  each  as  two  times  the  nitrogen  of  the  albuminoid  ammonia. 

The  amount  of  nitrogen  in  the  ammonia  is  fourteen-seventeenths 
of  the  ammonia ;  hence  we  shall  have,  from  the  above  determination, 
an  approximate  quantity  of  total  nitrogen  in  the  sewage,  or  in  an 
effluent,  by  taking  0.82  of  free  ammonia,  plus  two  times  0.82  of 
albuminoid  ammonia,  plus  the  nitrogen  of  nitrates  and  nitrites. 

The  amount  of  nitrogen  stored  in  the  sand  was  determined  in  a 
similar  way  after  obtaining,  from  samples  taken  at  different  depths 
in  the  tank,  the  amount  of  ammonia,  by  forcing  steam  containing  no 
ammonia  through  the  sand. 

With  results  thus  obtained  a  complete  account  has  been  kept  of 
all  the  nitrogen  applied  to  the  tank,  all  that  has  come  away  in  the 
effluent,  and  the  amount  from  time  to  time  stored  in  the  sand. 
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AmouTU  of  Niirogen  applied  to  Tank  No.  1,  and  the  Amount  which  came.off  in 

the  Effluent. 


AUUOHIA. 

NlTROOKK 
AS  — 

^^^ 
P 

1 

X 

III 
pi 

I>ATK. 

1 

ll 

s 

S 

ISAS. 

Sand, 

.1085 

.5135 

_ 

_ 

. 

1.0040 

« 

_ 

« 

Janaary  10-26,    . 
January  11-31,    . 

Sewage,    . 
Effluent,   . 

1.2789 
.5986 

.7744 
.0670 

.007 
.042 

« 

4.960 
4,161 

2.8257 
.6484 

11,512 
2,677 

11.512 
2,677 

.96 
.22 

Jan.27-.Feb.22,  . 
Febmary.    . 

Sewage,    . 
Efflaeot,    . 

1.0673 
.4SS2A 

.5120 
.0491 

.007 
.015 

- 

3,035 
4,583 

1.7210 
.4500 

6,776 
2,063 

18,288 
4,740 

1.52 
.39 

Fpb.a-Mar.a*,. 
Umxch, 

Sewage,    . 
Effluen^    . 

.5822 
.2985 

.8039 
.0224 

.007 
.023 

.0027 
.0008 

5,850 
6,078 

1.0804 
.3045 

6,873 
2,033 

24,661 
6,773 

2.06 
.56 

Uar.  25-Apr.  18, 

AprU,  .         .         . 

Sewaire,    . 
Effluent,    . 

1.0772 
.8613 

.7011 
.0176 

.008 
.348 

.0022 

8,900 
4,440 

2.0421 
.6732 

7,06* 
2,005 

82.625 
0,768 

2.72 
.81 

Apr.lft-May22.. 

Sewage,    . 
Effluent,    . 

1.1494 
.0548 

1.2646 
.0100 

.008 
1.975 

.0022 
.0058 

8.900 
8.808 

8.0288 
2.0868 

11,793 
7,038 

44,418 
17,706 

3.70 
1.47 

lCay23^ane25,. 

June,    . 

Sewage,    . 
Effluent,    . 

1.8546 
.0011 

.3887 
.0140 

.008 
.911 

.0005 
.0004 

6,750 
6,511 

1.7568 
.0367 

11,858 
6,009 

56,276 
23,805 

4.69 
1.98 

Jane  26-Jaly  24, 

July,    . 

Sewage.    . 
Effluent,    . 

1.7120 
.0031 

.3730 
.0171 

.009 
1.061 

.0002 
.0088 

9,000 
8,819 

2.0247 
1.0048 

18,222 
9,655 

74,498 
33,460 

6.21 
2.79 

July  25-Ans.  24. 
Aayust, 

Sewage,     . 
Effluent,    . 

2.7266 
.0205 

1.0452 
.0208 

.012 
1.804 

.0000 
.0023 

9,800 
0,408 

8.0618 
1.8518 

36,845 
12,718 

111,343 
46,178 

9.28 
8.b5 

ADg.25-Sept.25, 
September, 

Sewage,    . 
Effluent,    . 

2.4005 
.0369 

1.7141 
.0266 

.943 

.0000 
.0042 

0.000 
0,746 

4.8287 
1.0211 

43,458 
9,951 

154.801 
56,129 

12.90 
4.68 

Bept.  26.0ct.  27, 
October, 

Sewage,     . 
Effluent,    . 

2.0ffr5 
.1843 

.4888 
.0296 

1.049 

.0000 
.0074 

9.800 
0,713 

2.4070 
1.2150 

23.222 
11,801 

178,023 
67,930 

14.84 
5.66 

Oct.2»-Nov.24.  . 
Koyember,  . 

Sewage,     . 
Effluent,    . 

2.0400 
.2050 

.4385 

.0855 

1.109 

.0000 
.0047 

0,000 
0,120 

2.8837 
1.3884 

21,453 
12,218 

199,476 
80,148 

16.62 
6.68 

Nov.  2:.-Dec.  25, 
Deoember,  . 

Sewage,    . 
Effluent,    . 

1.1604 
.0436 

.2041 
.0223 

.024 
.826 

.0000 
.0004 

8,700 
8,360 

1.4652 
.8087 

12.748 
7,613 

212,224 
87,661 

17.60 
7.81 

188«. 

I>ec.26-Jan.28.  . 
Janoarj',      . 

Sewage,    . 
Effluent,    . 

1.1480 
.0079 

.3136 
.0162 

.019 
.781 

.0025 
.0003 

0,300 
8,781 

1.4772 
.8148 

13,738 
7,151 

225,962 
94,812 

18.83 
7.00 

Jan.29-Feb.25,  . 
February,    . 

Sewage.     . 
Effluent,    . 

1.1195 
.0498 

.8821 
.0238 

.011 
.825 

.0128 
.0006 

8,400 
8,111 

1.4864 
.0055 

12.486 
7,345 

288,448 
102,157 

10.87 
8.61 

F«b.  26-Mar.  28, 
March, 

Sewage,     . 
Effluent,    . 

1.6783 
.136;i 

.4256 
.0376 

.010 
1.172 

.0013 
.0022 

0,800 
0,107 

2.0855 
1.8476 

19,395 
12,263 

257,843 
114,420 

21.40 
0.54 

Mar.  2».Apr.  27, 

Sewage,    . 
Effluent,    . 

2.0504 
.1067 

.4573 
.0255 

.008 
2.043 

.0002 
.0025 

0,300 
8,957 

2.4305 
2.1748 

22,687 
19,48U 

280,530 
133,900 

23.38 
11.16 

Apr.28.May  28,. 

Sewage,     . 
Effluent,    . 

2.0029 
.0544 

.4319 
.0352 

.001 
2.117 

.0000 
.0019 

8,100 
8,129 

2.3517 
2.2212 

19,049 
18,056 

299.579 
151.956 

24.06 
12.66 

May  2»-Jano  28, 
Jone,  .       .        . 

Sewage,     . 
Effluent,    . 

2.5593 
.0394 

.5200 
.0301 

.000 
1.844 

.0000 
.0022 

7.300 
7,294 

2.0514 
1.0270 

21,545 
14,062 

321,124 
166,018 

26.76 
13.83 

Jnw  27^aly  28, 
Jaly,  . 

Sewage.     . 
Effluent,    . 

2.8686 
.0059 

.7167 
.0189 

.000 
1.767 

.0000 
.0002 

9,000 
9,090 

8.1160 
1.8030 

28,044r 
16,889 

840,168 
182,407 

20.10 
15.20 

July  29-Aag.  27, 
Auinul,       . 

Sewage,    . 
Effluent,    . 

1.8843 
.0043 

.6121 
.0177 

.000 
2.060 

.0000 
.0003 

9,000 
8,886 

2.5400 
2.0820 

22,941 
18,507 

372,100 
200,914 

31.01 
16.74 

Aug.a8.Sept.26, 
September,.        . 

Sewage.     . 
Effluent,    . 

1.9092 
.0583 

1.0569 
.0865 

.000 
1.506 

.0000 
.0014 

8,800 
8,688 

8.2080 
1.6151 

29,080 
13,870 

401,139 
214.784 

83.43 
17.00 

8ept.27,-Oct.28, 
October,      .        . 

Sewage.     . 
Effluent,   . 

1.98.53 
.0918 

.8000 
.0280 

.001 
1.584 

.0002 
.0022 

9,000 
0,060 

2.0411 
1.7074 

26,470 
15,484 

427.609 
230,268 

85.63 
19.19 
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The  quantities  of  nitrogen  found  stored  in  the  sand  at  different 
depths  have  been  plotted,  and  the  total  quantity  in  the  tank  deter- 
mined. From  these  plottings  the  following  table  has  been  made, 
giving  the  quantity  of  nitrogen  in  parts  per  100,000  of  the  weight 
of  the  dry  sand  for  the  different  depths,  at  several  dates :  — 


DUTAJrCB  BBLOW 
HVMrACK. 

(Incbet.) 

i 
1 

i 
i 

i 

i 

i 
i 

Dl«TAXCB  BBLOW 
HCirACK. 

(Inche..) 

i 

r 

1 

i 
i 

i 
i 

1 

Otol.       .        . 

32.48 

77.86 

116.19 

406.72 

;i8.   .    .    . 

8.20 

2.66 

2.00 

1.75 

1.      .        .       . 

18.00 

80.80 

20.20 

42.00 

24,      .        .        . 

8.16 

2.40 

1.85 

1.00 

2,      .        .        . 

12.20 

22.20 

18.10 

28.40 

38,      .        .        . 

8.16 

2.40 

1.20 

1.60 

4,      .        .        . 

8.80 

10.60 

9.80 

14.20 

48,      .       .       . 

2.70 

2.40 

1.05 

1.15 

8,      .        .        . 

3.76 

8.00 

4.46 

6.80 

80,      .       .       . 

1.86 

2.40 

.05 

.75 

12,      .       .       . 

8.80 

3.85 

2.90 

8.06 

From  the  plottings  the  total  quantity  stored  in  the  tank  at  differ- 
ent dates  has  been  determined,  and  the  results  placed  in  the  follow- 
ing table  :  — 

Summary  of  Total  Nitrogen  applied  to  Tank  No,  1;  the  Amount  which  came  off 
in  the  Effluent ;  and  the  Amount  Stored  in  the  Tank,  together  with  a  Balance 
UTiaccountedfor. 


% 

pa 

11 

Hi 

1 

Hi 

Amount  of  nitrogen  applied, 
Amount,  came  off  in  effluent,     . 

16.02 
6.68 

40 

26 
34 

Pound*. 
8.34 

6.98 

72 

-« 
SI 

10.  «T 
«.63 

61 

17 
22 

I\>und9. 
85.63 

19.19 

64 

Difference,      .... 
Amount  stored  in  tank, 

9.04 
4.27 

2.36 
-.22 

4.U 

1.78 

16.44 

6.81 

16 

Amount  not  accouuted  for,   . 

6.67 

2.58 

2.88 

10.63 

80 

In  the  first  year  40  per  cent,  of  the  nitrogen  applied  came  off  in 
the  effluent ;  in  the  second  year,  66  per  cent. ;  and  in  the  whole 
time,  54  per  cent.  During  the  six  months  including  the  spring 
nitrification,  72  per  cent,  came  off,  and  there  were  two  of  these 
months  in  which  more  than  90  per  cent,  came  off. 
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The  amount  stored  in  the  tank  the  first  year  was  26  per  cent. ;  in 
the  second  year,  8  per  cent. ;  and  in  the  whole  time,  16  per  cent. 
During  the  six  months  including  the  spring  nitrification,  the  amount 
stored  was  diminished  by  3  per  cent,  of  the  amount  applied ;  and 
from  February  1  to  June  1,  not  given  in  the  table,  the  amount  stored 
-waa  reduced  by  23  per  cent,  of  the  amount  applied,  or  by  26  per 
cent,  of  the  whole  amount  that  had  been  stored  to  the  beginning  of 
this  period. 

The  amount  unaccounted  for  the  first  year  was  34  per  cent,  of  the 
applied  ;  in  the  second  year,  26  per  cent. ;  and  in  the  whole  time, 
30  per  cent. 

This  part  of  the  nitrogen  we  have  been  unable  to  find.     It  may 

have  escaped  as  ammonia,  or  as  nitrogen  gas,  in  the  course  of 

the  oxidation  of  the  organic  matter ;  or  it  may  have  entered  into 

intermediate  nitrogenous  compounds  which  evade  our  chemical  tests. 

It  may  be  that,  if  more  samples  had  been  taken  daily,  from  which  a 

closer  approximation  to  the  mean  quantity  of  nitrogen  coming  off 

daily   could  have  been   made,  the  above  result  would  have   been    - 

somewhat  modified ;  but,  upon  examination,  it  is  found  that  the 

sample  analysed  has  been  taken  at  such  a  time  of  the  day  as  to  give 

very  nearly  the  mean  quantity  of  nitrogen  shown  by  series  of  samples 

taken  at  intervals  through  the  twenty-four  hours.      The  sampling 

during  the  second  year  is  thought  to  represent  both  the  sewage  and 

the  effluent  somewhat  better  than  in  the  first  year. 

Removal  of  Stored  Nitrogen  by  Nftrification. 

From  the  table  of  total  nitrogen  in  the  tank  at  the  several  dates, 
it  will  be  seen  that  during  the  two  years  there  has  been  a  general 
increase  in  the  nitrogen  stored  in  the  upper  foot  in  depth.  This 
increase  was  interrupted,  and  the  quantity  decreased,  during  the 
period  of  active  nitrification  of  April  and  May,  1889. 

Beneath  the  upper  foot  of  sand  the  quantity  of  nitrogen  found 
there  during  the  second  year  has  been  continually  less  than  at  the 
end  of  the  first  year.  The  smallest  quantity  found  was  after  tlie 
Tapid  nitrification  of  the  spring  months,  since  which  it  has  remained 
nearly  constant. 

The  total  quantity  stored  in  the  tank  was,  on  Dec.  1,  1888,  4.27 
pounds.  This  continued  to  increase,  and,  in  February,  amounted 
to  5.49  pounds.  During  the  spring  nitrification  it  decreased  1.44 
pounds,  leaving  on  June  1,  only  4.05  pounds.     From  this  time  to 
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November  it  increased  to  5.81  pounds;  making  a  total  increase  in 
the  second  year  of  36  per  cent. 

Stored  Nitrogen  increasing  near  the  Surface  and  Decreas- 
ing  ELSEWHERE. 

•  Looking  for  the  location  of  this  increase,  we  find  it  near  the  top 
of  the  tank ;  in  fact,  comparing  the  different  layers  at  the  end  of 
the  first  and  second  years,  we  find  that  in  the  upper  inch  in  depth 
of  sand  there  is  nearly  five  times  as  much  nitrogen  at  the  end  of  the 
second  year  as  at  the  end  of  the  first  year ;  and  that  below  the  upper 
inch  there  is  a  little  less  nitrogen  now  stored  in  the  tank  than  at 
the  end  of  the  first  year. 

This  indicates  that  the  way  to  make  this  tank  the  most  efficient 
filter  for  the  coming  year  would  be  to  remove  the  upper  inch  in 
depth  and  replace  it  with  clean  sand. 

Looking  further  at  the  effect  of  nitrification  in  the  spring  months 
in  removing  stored  nitrogen,  we  find  that  in  the  upper  inch  it  was 
not  reduced,  but  in  every  inch  below  it  was  removed,  the  percentage 
removed  increasing  with  the  distance  below  the  top ;  the  first  two 
feet  losing  24  per  cent.,  and  the  lower  feet  losing  40,  50  and  60  per 
cent.  The  amount  of  nitrogen  actually  removed  from  each  of  the 
lower  three  feet  was  greater  than  in  the  fourth  foot  from  the  bot- 
tom ;  hence  we  may  safely  conclude  that  in  this  tank  of  open  sand 
nitrification  goes  on  more  completely  in  the  lower  than  in  the  upper 
layers  of  the  sand. 

This  being  the  case,  the  question  arises  whether  this  material  will 
not  thoroughly  cleanse  itself  of  nitrogenous  matter,  and  continue 
indefinitely  an  efficient  filter,  if  the  upper  layer  is  turned  under,  as 
with  a  plough,  at  convenient  intervals.  As  this  will  be  a  more 
economical  method  of  treating  the  upper  layer  of  a  large  filtering 
area  than  to  replace  the  upper  inch  with  new  sand,  it  will  first 
be  tried  here  through  a  season  of  rapid  nitrification.  It  is  to  be 
remembered  that  the  surface  of  this  sand  has  not  in  any  way  been 
disturbed  during  the  past  year.  The  sewage  has  been  run  over  the 
surface,  week  after  week,  and  has,  at  times,  formed  a  tough  surface 
covering,  which  Avould  allow  but  little  water  to  pass  below  it,  if  it 
were  not  curled  up  by  the  sun  and  air  in  the  intervals  between  the 
applications. 

A  mechanical  analysis  of  the  sand  in  the  upper  inch  in  depth, 
recently  made,  is  nearly  identical  with  that  made  of  the  clean  sand 
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two  years  ago.  There  is  no  increase  in  the  finer  particles.  About 
eight  per  cent,  of  the  volame  of  this  inch  was  made  up  of  particles 
of  the  organic  sediment,  which,  being  dried  and  not  pulverized, 
were  in  this  analysis  classed  among  the  coarse  particles. 

Quality  op  Effluent  at  Different  Hours  in  the  Day. 
At  different  times  in  the  past  year,  series  of  analyses  have  been 
made  to  determine  the  quality  of  the  effluent  at  different  times  in 
the  day,  when  the  rate-of  flow,  —  due  to  the  application  of  sewage 
being  limited  to  one  hour  of  a  day,  —  differed  through  a  wide  range. 
In  April,  1889,  300  gallons  were  applied  daily.     This  disappeared 
from  the  sur&ce  in  from  one  to  two  hours,  showing  the  surface  to 
be  somewhat  clogged.     The  effluent  was  not  so  well  purified  in  this 
as  in  the  six  following  months ;  and  there  was  the  greatest  differ- 
ence in  quality  of  the  effluent  with  different  rates  of  flow. 

When  flowing  out  in  the  morning,  before  sewage  was  applied,  at 
the  slow  rate  of  one  gallon  in  fifteen  minutes,  the  average  analysis 
on  four  days  in  April  was  as  follows :  — 

Free  ammonia,     .        .  * 0.0220 

Albuminoid  ammonia, 0.0132 

Nitrates, ^.1 

When  flowing  out  at  the  rate  of  a  gallon  in  a  minute,  after  sew- 
age was  applied,  the  average  analysis  on  the  same  days  was :  — 

Free  ammonia, 0.1634 

Albuminoid  ammonia, 0.0294 

Nitrates, 1.40 

The  effluent  that  had  come  down  through  the  sand  at  the  slow 
rate  had  bad  longer  time  in  which  to  become  purified  of  its  organic 
matter,  as  shown  by  its  less  amount  of  ammonia  and  by  the  larger 
amount  of  nitrates.  Probably  all  that  was  coming  out  at  this  time, 
of  slow  flow  had  been  as  much  as  three  days  on  the  passage ;  while, 
of  that  which  came  out  through  this  open  sand  at  the  increasing 
rates  after  sewage  had  been  applied,  later  experiments  have  shown 
that  a  small  percentage  of  it  came  directly  down  from  the  sewage 
within  an  hour  and  a  half;  consequently  the  effluent  was  very  much 
\e98  purified,  the  sum  of  ammonias  being  five  times  as  great,  and 
the  nitrates  but  seventy  per  cent,  as  great. 
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In  August,  1889,  when  500  gallons  were  applied  every  other  daj-, 
this  amount  disappeared  from  the  surface  in  less  than  an  hour; 
the  effluent  was  much  better  purified  than  in  April ;  and  there  was 
much  less  difference  in  the  quality  of  effluent  between  slow  and  rapid 
rates  of  flow,  although  the  rapid  rate  w^as  four  times  as  great  as  in 
•  April. 

When  the  rate  of  flow  was  one  gallon  in  ten  minutes,  in  August, 
the  average  analysis  was  as  follows  :  — 

Free  ammonia, 0.0022 

Albuminoid  ammonia, 0.0116 

Nitrates, 2.3 

When  the  rate  had  on  the  same  days  increased  to  four  gallons  in 
one  minute,  the  analyses  averaged :  — 

Free  ammonia, 0.0148 

Albuminoid  ammonia, 0.0243 

Nitrates, 2.1 

Here  the  sum  of  the  ammonias  was  three  times  as  great  at  the 
rapid  flow,  and  the  nitrates  were  ninety  per  cent,  of  those  with  slow 
flow. 

Other  series  confirm  these  results  in  showing  a  much  less  differ- 
ence in  quality,  tit  different  rates,  when  the  filter  is  purifying  more 
completely ;  and  they  also  indicate  that  the  purifying  process  of  a 
decrease  in  free  ammonia,  and  an  increase  in  nitrates,  takes  place 
rapidly  in  this  tank,  a  marked  change  occurring  in  one  or  two  hours. 
A  discussion  of  these  later  results  belongs,  however,  with  the  next 
year's  work. 

Tables  of  series  of  both  chemical  and  biological  examinations  of 
the  efluent  of  Tank  No.  1  may  be  found  immediately  following  the 
tables  of  daily  observations  upon  this  tank. 

The  increase  in  the  ammonias,  the  decrease  in  the  nitrates,  and 
the  large  increase  in  the  number  of  bacteria  in  the  efliuent  soon 
after  the  increase  in  flow,  due  to  applying  sewage,  shown  in  these 
tables,  is,  in  the  light  of  recent  experiments,  plainly  due  to  some  of 
the  sewage,  first  applied,  flowing  rapidly  through  the  sand,  before 
there  is  time  for  the  usual  complete  chemical  changes  or  for  the 
death  of  the  bacteria. 
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Microscopical  Examination  of  the  Effluent  of  Tank  No.  1. 

The  organisms  here  designated  as  microscopic  include  those 
i-eadily  distinguished  by  microscopes  of  ordinary  power,  but  do  not 
include  bacteria. 

AVhen  city  water  was  filtering  through  this  tank,  in  December, 
1387 9  and  in  the  early  part  of  January,  1888,  there  were  commonly 
found  in  five  gallons  of  the  effluent  a  very  few  small  fungi  (Lepto- 
thrix  and  Crenothrix)  and  an  occasional  ciliated  infusorian.  After 
sewage  effluent  came,  in  the  last  of  January,  the  above  vegetable 
forms  were  more  abundant,  together  with  zoospores  and  yeast.  A 
single  specimen  each  of  the  diatoms,  Asterionella  and  Melosira,  were 
reported ;  but  none  have  been  seen  since.  In  March,  only  a  few 
Leptothrix  and  a  single  Amoeba  were  found. 

In  the  following  months  of  the  year  1888,  the  number  of  organ- 
isms reported  is  the  number  found  upon  or  in  the  fine  cloth  strainer, 
through  which  five  gallons  of  the  effluent  had  passed. 

In  June,  the  number  of  organisms  found  in  five  gallons  was : 
Leptothrix,  15  ;  and  yeast,  2.  In  July,  the  number  of  Leptothrix 
averaged  50,  and  of  Chlorococcus,  5 ;  but  the  number  of  animal 
forms  was  greater,  including  Monas,  250 ;  Enchelys,  17 ;  Para- 
moecium,  5 ;  and  Monura,  75.  In  August,  no  vegetable  forms 
were  found ;  except  on  one  day  Leptothrix  to  the  number  of  150. 
The  number  of  animal  forms  averaged  as  follows :  Monas,  85 ; 
Trachelomonas,  12;  Botifera,  56;  and  Anguillula,  1. 

In  September,  there  were  no  vegetable  forms  found,  except  on 
one  day  100  Leptothrix.  The  animal  forms  averaged  as  follows : 
Arcella,  2 ;  Monas,  55  ;  ciliate  infusoria,  5  ;  Lepadella,  3  ;  Anguil- 
lula, 1 ;  Monocerca,  2  ;  and  Eotifer,  1.  In  October,  the  only  vege- 
table form  was  Leptothrix,  which  was  found,  on  two  of  the.  five 
days  when  observations  were  made,  to  the  number  of  22.  In  the 
early  part  of  the  month  the  worms  Anguillula  and  Eotifer  were 
found  once,  to  the  number  of  2.  In  November,  no  organisms  were 
found  on  three  of  the  four  days  when  observations  were  made ;  and 
on  the  fourth  day,  Monas,  to  the  number  of  20,  and  Ciliata,  to  the 
"number  of  100,  were  found  in  the  five  gallons  examined. 

In  December,  1888,  no  organisms  were  found.  In  July,  1889, 
no  organisms  were  found  in  the  effluent  as  it  ordinarily  flowed  out ; 
but,  the  question  arising  whether  any  organisms  were  living  in  the 
anderdrains,  the  effluent  was,  on  August  3,  stopped  until  about  30 
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gallons  accumulated  in  the  underdrains  and  gravel  on  the  floor  of 
the  tank.     This  was  allowed  to  run  out  rapidly;  and  there  "wrere 
found,  in  one  sample  of  200  cubic   cetltimeters,  1  Crenothrix,    1 
Leptothrix  and   2  Anguillulas.     Again,  on  August  7,  50  gallons 
were  held  back;   and,  upon  being  let  out  rapidly,  no  organisms 
were  found.     On  August  12,  several  samples  were  examined  with 
great  care  during  the  regular  flow,  as  it  was  increasing  in  quantity 
after  the  application  of  sewage.     The  first  sample  of  200  c.c,  flow- 
ing at  a  very  slow  rate,  contained  1  Trachelomonas  and  1  fungus 
hypha.      A  second  sample,  at  a  faster  rate  of  flow,  contained   7 
Crenothrix,  1  Anguillula  and  2  dead  infusoria.     A  third   sample, 
at  a  still  faster  rate,  contained  8  Asterionella  (apparently  alive  and 
healthy)  and  4  bacterial  clots  (Zoogloea).     The  fourth  sample,  at 
the  most  rapid  rate  of  flow,  contained  3  yeast  groups  and  2  fungus 
spores. 

On  August  15,  about  80  gallons  were  held  back,  by  closing  the 
outlet.  Upon  opening  the  outlet  a  little,  and  allowing  the  stream 
to  flow  gently  and  then  increasing  the  rate  up  to  one-third  of  the 
daily  maximum  ]*ate,  no  organisms  were  found  in  three  samples 
of  200  c.c.  each.  But,  upon  opening  the  outlet  and  allowing  the 
effluent  to  rush  out  many  times  as  fast  as  the  daily  flow,  there  were 
found  in  one  sample  2  Anguillulas  and  3  Euplotes.  A  second  sam- 
ple, running  slower,  gave  1  bac^rial  clot  and  1  Anguillula.  At 
still  slower  rates,  no  organisms  were  found ;  but,  after  the  greatest 
rate  of  the  daily  flow  had  passed,  there  were  found,  in  one  sample, 
50  Chlorococcus,  and,  two  hours  later,  5  Tabellaria  and  1  Spiros- 
tomum. 

On  Aug.  22,  1839,  16  gallons  were  backed  up  in  the  tank,  and 
when  this  flowed  out  in  quantity,  up  to  1,000  c.c.  per  minute,  no 
organisms  were  found ;  but  when  the  rate  reached  8,000  c.c.  per 
minute,  and  for  ten  minutes  after,  when  the  rate  was  less,  there 
were  found  four  or  five  organisms  in  200  c.c.  of  water  —  generally 
Leptothrix,  Anguillula  and  spores.  After  this  backed-up  water 
had  run  out,  and  the  rate  of  flow  had  reached  4,000  c.c.  per  minute 
from  the  down-coming  sewage,  which  had  in  the  mean  time  been 
applied,  the  same  organisms  named  above  were  found  in  six  samples 
of  200  c.c.  each,  the  number  averaging:  Lepthothrix,  1;  Anguil- 
lula, 2;  and  spores,  2.  In  one  or  two  cases  single  specimens  of 
yeast,  ciliated  infusoria,  and  monads  were  observed.  These  organ- 
isms were  all  that  were  found  in  samples  of  200  c.c.  of  effluent. 
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At  the  same  time,  a  single  cubic  centimeter  of  the  sewage  contained  : 
yeast,  40,000 ;  ciliate  infusoria,  6  ;  and  Monas,  5,  with  an  occasional 
Crenothrix. 

Of  the  large  number  of  microscopic  organisms  in  the  sewage,  it  is 
evident  that  a  very  small  fraction,  if  any,  get  through  the  sand,  and 
it  is  probable  that  some  of  those  found  in  the  effluent  increase  in  the 
underdrains. 

To  determine  if  the  underdrains  and  gravel  on  the  floor  of  the 
tank  contained  more  microscopic  organisms  than  the  effluent  ordi- 
narily flowing  through  them,  experiments  were  made  on  Aug.  28  and 
30,  1889,  by  forcing  back  into  the  underdrains  and  gravel  10  or  15 
gallons  of  water,  containing  no  oi^nisms,  and  allowing  it  to  imme- 
diately run  out  rapidly.  The  number  of  organisms  in  samples  of 
200  c.c.  of  each  washing  are  given  below :  — 


August  98. 


First 
Wathiof. 


Second 
Washing. 


Third         Foarth 
Washing.    Washing. 


Leptothxlz, 

Angafllnia, 

Bpores,. 

Infasorla, 

Tabellaria, 

Zooglcea, 

Monas,  . 

Cranothrlz, 


88 


26 

1 

T 

!• 

6 
80 


*  Dead. 


These  washings  extended  over  less  than  one-fifth  of  the  area  of  the 
tank,  and  gave  a  rapid  flow  over  perhaps  one-tenth  of  the  area  of 
the  bottom,  and  washed  out  more  organisms  from  the  sand  on  the 
first  day  than  on  the  second. 

The  experiments  with  effluent  held  back  in  the  underdrains  and 
let  out  rapidly,  and  with  water  containing  no  microscopic  forms  being 
forced  into  the  underdrains  from  below,  and  coming  out  rapidly, 
bearbg  organisms  in  considerable  number  at  first,  but  with  numbers 
decreasing  when  repeated,  indicate  that  organisms  grow  and  increase 
in  the  underdrains,  but  do  not  prove  whether  an  exceedingly  small 
percentage  of  some  kinds  of  those  applied  with  the  sewage  may  not 
come  through  the  sand.     It  is  to  be  expected  that  few,  if  any, 
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vegetable  organisms  requiring  light  would  survive  the  passage  ;  and 
none  have  been  found  in  the  effluent,  except  Tabellaria,  Asterio- 
nella  and  Melosira,  which  were  found  on  a  few  occasions  under 
circumstances  when  it  is  more  than  probable  that  they  were  acci- 
dentally introduced,  and  did  not  belong  in  the  effluent;  and  except 
Chlorococcus,  which  probably  survives  the  passage  through  this 
sand. 

The  organisms  which  are  characteristic  of  the  effluent  of  Tank 
No.  1  are  those  species  of  fungi,  worms,  and  infusoria  that  live  in 
drains,  and  on  wet  stones  and  sands. 

The  most  common  form  of  the  fungi,  Leptothrix,  has  a  filament<- 
ous  form,  that  would  appear  to  make  its  passage  through  the  sand 
improbable.  The  Anguillulas  (vinegar  eels),  which  were  found  on 
only  three  occasions,  in  the  first  year  in  number  averaging  2,  are 
found  sometimes  in  the  sewage,  and  are  in  the  upper  inch  of  the 
sand  of  this  tank,  but  have  not  been  found  by  microscopical  exami- 
nation of  the  sand  below  the  upper  layer.  Their  mode  of  motion 
would  render  it  very  difficult  for  them  to  pass  through  the  sand. 

Of  the  infusoria,  the  structure  and  mode  of  motion  of  the  cili- 
ated forms  would  seem  to  render  their  passage  through  the  sand 
improbable.  The  monads  are  so  small  that  their  passage  is  quite 
possible;  and,  as  they  are  more  commonly  found,  and  in  larger 
numbers,  than  other  microscopic  organisms,  we  have  supposed  that 
some  of  them  came  through  the  sand,  although  it  is  quite  certain 
that  they  increase  in  the  underdrains ;  but,  upon  examining  by  the 
microscope  the  sand  taken  from  the  tank,  from  top  to  bottom,  no 
monads  have  been  found  in  it. 

The  zooglcea,  or  bacterial  clots,  are  found  in  this  sand  at  different 
points  from  top  to  bottom  of  the  tank  ;  and  there  is  little  doubt  that 
they  originate  from  the  sewage  applied  to  this  tank,  but  probably 
come  into  their  present  form  in  the  sand  and  in  the  underdrains. 

The  spores  found  in  August,  1889,  were  at  that  time  abundant  in 
most  of  the  waters  at  the  Station,  as  well  as  in  waters  from  other 
parts  of  the  State,  but  were  only  once  observed  in  the  sewage. 
Their  nature  was  not  determined. 

The  greatest  numbers  of  organisms  found  in  the  sewage  and  in 
the  effluent  from  Tank  No.  1  were  in  August,  September  and 
October,  1888.  Those  most  numerous  and  constant  in  the  sewage 
were  Leptothrix,  yeast  cells,  Chlorococcus  and  Monas.  Of  these, 
Leptothrix  was  constantly  found  in  the  sewage,  averaging  237  per 
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gallon.  These  were  found  about  half  of  the  time  in  the  effluent,  to 
the  number  of  16  in  a  gallon.  Yeast  cells,  found  constantly  in  the 
sewage,  averaging  20,000  per  gallon,  were  not  found  in  the  effluent. 
Chlorococcus,  found  constantly  in  the  sewage,  averaging  237  per 
gallon,  were  not  found  in  the  effluent.  Monas,  found  half  of  the 
time  in  the  sewage,  to  the  number  of  14  in  a  gallon,  were  found  as 
often  in  the  effluent,  to  the  number  of  20  in  a  gallon. 

During  these  three  months,  yeast  cells  and  Chlorococcus  were 
not  found  to  come  through  the  tank.  Leptothrix,  if  it  came 
through,  as  it  may  have  done  to  some  extent,  was  found  at  about  3 
per  cent,  of  the  number  in  the  sewage,  and  Monas  was  increased  in 
•number  40  per  cent.  It  may  be  the  last  two  organisms  came 
through  to  some  extent,  and  increased  in  the  gravel  and  under- 
dniins.  In  the  following  two  months  no  microscopic  organisms 
were  found  in  the  effluent. 

It  may  be  that  the  spores  or  eggs  of  some  of  the  few  organisms 
found  in  the  effluent  are  able  to  survive  the  passage  of  the  sand,  and 
develop  in  the  underdrains,  when  it  is  impossible  for  the  mature 
organisms  to  pass  through.  But  the  number  of  microscopic  organ- 
isms found  in  the  effluent  being  much  smaller  than  the  number 
found  in  ordinary  drinking  waters,  it  becomes  evident  that  the  con- 
ditions met  with  in  the  filter  are  very  unfavorable  for  the  passage 
and  development  of  such  germs. 

Bacteria  in  the  Effluent  of  Tank  No.  1. 
Organisms  still  smaller  than  those  which  have  been  designated 
as  microscopic  organisiAs  are  found  in  enormous  quantities  in  sew- 
age, and  to  a  less  extent  in  nearly  all  waters,  as  well  as  in  the  air. 
These  are  generally  classed  as  vegetable  organisms,  but  some  of 
them  may  be  animal  organisms.  The  name  «' bacteria,*'  will  be 
used  to  include  all  of  the  organisms  too  small  to  be  readily  distin- 
guished by  microscopes  of  ordinary  power. 

Method  of  determining  the  Number  of  Bacteria. 
The  number  of  bacteria  in  any  liquid  is  determined,  not  by 
counting,  with  a  microscope  of  very  high  magnifying  power,  the 
number  to  be  seen  in  an  extremely  small  particle  of  the  liquid,  but 
by  taking  a  cubic  centimeter  (somewhat  less  than  a  cubic  half-inch) 
of  the  liquid  and  mixing  it  with  a  larger  volume  of  slightly  warmed 
gelatinous  fluid,  which  will  serve  for  food  for  bacteria,  and  pouring 
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the  mixture  upon  a  glass  plate,  where  it  will  stiffen.  This,  oeing  pro- 
tected from  air  containing  bacteria,  is  allowed  to  stand  at  a  proper 
temperature  for  two  days,  or  sometimes  three  days,  in  which  time 
each  live  bacterium  is  supposed  to  grow  into  a  colony,  so  large  that 
it  can  readily  be  seen  by  the  naked  eye ;  and  these  colonies  are 
counted,  and  their  number  is  taken  as  the  number  of  bacteria  in  the 
cubic  centimeter  of  the  original  liquid. 

When  the  number  of  bacteria  is  very  large,  —  as  in  sewage,  where 
the  number  in  a  cubic  centimeter  often  exceeds  1,000,000,-  the 
colonies  treated  as  above  would  run  together  so  that  they  could  not 
be  counted.  To  prevent  this,  the  sewage  is  first  diluted  by  a  given 
number  of  times  its  volume  of  water  containing  no  bacteria,  and  a 
cubic  centimeter  of  this  liquid  is  used ;  and  then  the  counting  is 
limited  to  a  certain  fraction,  say  one-tenth  of  the  whole  plate  of 
gelatinous  fluid  containing  the  colonies ;  and  the  number  counted, 
multiplied  by  ten,  and  by  the  degree  of  dilution,  is  taken  as  the 
number  in  a  cubic  centimeter  of  the  sewage. 

The  precise  method  used  in  these  determinations,  and  the  extreme 
care  necessary  to  be  taken  in  collecting  samples,  and  in  all  of  the 
manipulations  of  these  samples,  may  be  found  described  in  the 
accompanying  report  of  Professor  Sedgwick.  SuflSce  it  to  say  here, 
that,  with  all  of  the  care  practicable,  there  is  almost  sure  to  he  a 
small  number  of  bacteria  entering  the  sample  from  the  air ;  so  that, 
if  but  two  or  three  bacteria  are  found  in  a  sample,  it  may  be  regarded 
as  containing  none.  This  is  probably  the  case  if  the  number 
counted  is  as  high  as  six. 

Tables  of  the  number  of  bacteria  found  m  a  cubic  centimeter  of 
sewage  and  of  the  effluent  from  this  tank,  are  given  at  the  end  of 
this  section. 

Effect  of  First  Sew^age  in  increasing  the  Number  of 

Bacteria. 

For  the  month  previous  to  the  application  of  sewage  to  this  tank, 
it  was  filtering  city  water  at  a  rapid  rate.  The  number  of  bacteria 
in  a  cubic  centimeter  of  the  applied  water  was  76,  and  in  the  efflu- 
ent 24.  After  applying  sewage  which  contained  from  half  a  million 
to  one  million  and  a  half  bacteria  in  a  cubic  centimeter,  the  number 
in  the  effluent  increased  rapidly,  till  at  the  end  of  ten  days  it  was 
387,600  in  a  cubic  centimeter.  This  was  the  highest  number  ever 
found  in  this  effluent;  and  in  two  weeks  it  fell  to  1,443.    During 
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the  ten  days  when  the  number  of  bacteria  was  increasing  so  rapidly, 
it  is  probable  that  sewage  obstructed  by  frost  in  the  tank  was  enter- 
ing the  lower  part  of  the  tank  through  a  few  channels,  on  the  edges 
of  which  it  was  mingling  more  or  less  with  water  originally  in  the 
tank,    which  contained  some  absorbed  oxygen  and  was  probably 
accompanied  by  some  air.     When  this  water  was  entirely  removed, 
and  the  Band  contained  a  liquid  having  so  much  organic  matter  that 
the  oxygen  which  went  into  the  tank  with  it  was  quickly  reduced, 
the  bacteria  appear  not  to  have  been  able  to  live  during  the  passage 
through  the  sand.     The  amount  of  obstruction  by  frost  cannot  be 
definitely  known.     If  there  had  been  no  obstruction  during  the  time 
the  bacteria  were  increasing,  the  time  of  passage  would  have  been 
four  days  ;  and  the  time  of  passage  during  the  following  two  weeks, 
when  the  number  of  bacteria  was  decreasing  so  rapidly,  would  have 
been  eight  days. 

Another  condition  which  may  have  had  an  influence  in  decreasing 
the  number  of  bacteria  was  the  very  cold  weather,  which  was  sev- 
eral degrees  colder  during  the  latter  than  during  the  former  period. 
But  it  13  not  plain  that  this  could  produce  the  effect,  when  we  find 
that  the  temperature  of  the  applied  sewage  was  within  a  degree  or  two 
of  36°,  and  the  effluent  had  the  same  temperature,  in  both  periods. 

Examining  all  of  the  tanks  after  sewage  was  applied,  we  find  the 
same  general  condition  of  enormous  numbers  of  bacteria  coming 
through  with  the  first  sewage,  — the  highest  at  any  time  in  the  ex- 
perience with  the  tank,  —  and  then  rapidly  decreasing  soon  after 
sewage  takes  full  possession  of  the  tank.  This  oc^jurred  in  tanks 
numbered  1,  2,  4,  (>  and  7,  which  were  all  exposed  to  the  same 
extremely  cold  weather  in  January,  when  it  occurred.  But  it  also 
occurred  in  quite  as  marked  a  degree  in  tanks  numbered  11,  12,  13 
and  14,  which  were  housed,  and  were  not  exposed  to  severe  cold. 

After  February  7,  when  the  bacteria  of  Tank  No.  1  numbered 
1,443,  new  holes  were  cut  through  the  frost,  through  which  sewage 
entered  into  parts  of  the  tank  not  before  receiving  much  if  any  sew- 
age ;  and  the  efiect  upon  bacteria  appears  to  have  been  like  putting 
sewage  upon  a  new  tank,  —  the  number  increased  to  42,840;  and 
twelve  days  later  was  722. 

With  the  changes  which  followed  in  clearing  off  the  ice  and 
removing  frost  by  applying  sewage  at  higher  temperatures,  the 
number  of  bacteria  remained  high,  averaging,  from  February  23  to 
March  6,  37,363,  or  3  per  cent,  of  the  number  in  the  sewage.     But 
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after  the  frost  was  thawed  out  the  number  was  uniformly  much 
lower,  averaging,  from  March  20  to  31,  5,840,  or  one-half  of  one 
per  cent,  of  the  number  in  the  sewage. 

Bacteria  much  less  in  Number  after  Nitrification  beoax. 
With  April,  nitrification  began ;  and  the  number  of  bacteria  aver- 
aged in  the  month  2,326,  which  is  one-eighth  of  one  per  cent,  of  the 
number  then  in  the  sewage.  From  this  time  through  the  next  year 
and  a  half,  nitrification  has  continued ;  and  the  number  of  bacteria, 
varying  much  from  day  to  day,  has  generally  been  a  very  small 
fraction  of  one  per  cent,  of  the  number  in  the  sewage. 

The  following  table  gives  the  number  of  bacteria  by  monthly 
averages  found  in  a  cubic  centimeter  of  the  effluent  of  Tank  No.  1, 
taken  generally  semiweekly,  in  the  forenoon,  through  the  whole 
time  that  it  has  filtered  sewage  :  — 


Monthly  Averages  of  the  Number  of  Bacteria  found  in  Effluent  of  Tank  No.  1, 
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4,661 
58 

1,062 
657 
739 

2,894 


6,838 
960 

132 
1,184 


This  table  is  made  up  of  what  have  been  called  the  semiweekly 
counts  of  bacteria  in  the  effluent.  The  monthly  number  of  counts 
varies  from  four  to  twelve.  They  were  intended  to  be  taken  regu- 
larly, twice  a  week,  in  the  forenoon,  with  the  expectation  that  such 
a  record  would  show  a  fair  average  of  the  number  in  the  effluent 
and  the  comparative  number  at  different  seasons  of  the  year ;  but 
during  the  second  year  it  was  found  that  the  number  in  the  effluent 
of  this  tank  increased  very  much  after  the  sewage  was  applied  for 
the  day,  the  maximum  occurring  near  two  o'clock  in  the  afternoon ; 
and  the  relation  of  the  mean  number  for  the  day  to  the  number 
counted  at  the  regular  time  in  the  forenoon  varied  much  with  the 
completeness  of  purification  at  the  time. 

Hourly  counts  made  on  three  days  in  March,  1889,  gave  a  mean 
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for  the  twelve  hours  of  the  day  of  4,492,  and  indicated  that  the 
meau  of  the  twelve  night  hours  would  have  been  about  300.  In 
June,  1889,  86  counts,  taken  generally  at  8  a.m.  and  2  and  5  p.m., 
gave  an  average  number  of  11,853  ;  and  in  July  a  similar  average 
of  65  counts  was  6,667. 

The  number  of  bacteria  in  the  effluent,  given  in  the  table,  aver- 
ages for  the  past  year  and  a  half  2,054 ;  and  for  three  months  of  the 
time,  when  the  nitrates  were  the  highest,  the  number  averaged  but  80  ; 
while  the  number  applied  in  the  sewage  was  more  than  a  million. 

The  Number  of  Bacteria  after  an  Application  of  Sewage 
greater  than  before. 

The  number  in  the  effluent  of  this  tank  varies  much  from  day  to 
day,  and  also  varies  from  hour  to  hour,  depending  upon  the  rate  of 
flow.  The  tank  was  generally  covered  with  sewage  once  a  day,  or 
once  in  two  days.  In  about  an  hour  after  it  was  applied  the  rate 
of  flow  at  the  outlet  would  increase,  and  continue  increasing  for 
an  hour  or  two,  and  then  decrease. 

In  December,  1888,  the  number  of  bacteria  in  the  morning, 
before  sewage  was  applied,  was  found  to  be  46.  After  sewage  had 
been  on  an  hour,  and  the  flow  at  the  outlet  had  increased  twelve 
times,  the  number  of  bacteria  found  in  a  cubic  centimeter  was 
1,230.  The  next  sample  showed  1,748.  When  at  the  maximum 
rate  of  flow,  which  was  50  per  cent,  greater  than  the  last,  the  num- 
ber was  1,640.  After  this,  the  number  fell  off*  in  seven  hours  to 
about  200.  On  Jan.  23,  1889,  the  number  in  the  morning  was  98  ; 
a  little  after  the  maximum  rate  of  flow,  the  number  wa«  16,478; 
two  hours  later,  it  was  5,000;  and  after  five  more  hours,  it  was 
1,300.  This  was  a  day  when  the  number  was  unusually  large.  A 
week  later,  the  maximum  number  found  was  2,900 ;  and  the  mini- 
mum, 40.  In  March  and  April,  1889,  series  were  taken,  extending 
from  morning  till  night,  in  which  the  average  maximum  number  was 
24,971,  and  the  average  minimum  number  was  57,  the  maximum 
number  being  associated  with  a  rapid  rate  of  flow.  Tables  giving 
these  and  other  series  of  observations  may  be  found  following  the 
tables  of  daily  observations  on  Tank  No.  1. 

A  Few  op  a  Foreign  Species  op  Bacteria  pass  through  the 

Sand. 
On  May  21,  1889,  an  enormous  number  of  bacteria,  of  a  species 
not  found  in  our  sewage,  which  are  easily  distinguished  by  the  color 
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of  the  colonies  and  rapid  liquefaction  of  thQ  gelatine,  were  put  upon 
the  surface  of  Tank  No.  1 ;  and  for  ten  days  three  samples  of  the 
effluent  were  examined  daily;  but  none  of  these  bacteria,  called 
Bacillus  prodigiosus,  were  found  in  the  effluent.  The  number  of 
bacteria  found  in  these  ten  days  varied  from  7  to  8,()40.  per  cubic 
centimeter,  and  averaged  1,873.  It  is  possible  that  some  of  the  Bacil- 
lus prodigiosus  came  through  and  were  lost  before  observations  were 
made  for  them,  as  it  was  then  supposed  that  none  could  get  through 
in  less  than  twenty-four  hours  after  they  were  applied,  and  search 
for  these  was  begun  twenty-one  hours  after  the  application. 

On  June  20,  another  experiment,  like  that  of  May  21,  was  made, 
and  observations  commenced  within  three  hours,  and  three  or  more 
observations  were  made  each  day  for  a  month ;  but  none  of  this 
species  were  found. 

The  experiment  was  repeated  at  11  a.m.  of  August  27,  by  the 
application,  on  a  square  foot  of  the  surface  of  this  tank,  from  which 
the  upper  inch  in  depth  of  sand  had  been  removed,  of  two  gallons  of 
liquid,  containing  1,400,000  of  the  Bacillus  prodigiosus  per  cubic  cen- 
timeter, or  eleven  thousand  millions  of  these  organisms.  Observa- 
tions were  begun  on  the  effluent  in  twenty-one  hours,  and  continued 
houriy.  None  of  this  species  were  found  until  the  thirtieth  hour, 
when  a  single  specimen  was  found,  and  again  on  the  thirty-fourth 
hour  a  single  specimen  was  found.  These  are  the  only  specimens 
that  were  found.  It  is  possible,  as  stated  above,  that  some  of  this 
liquid,  bearing  a  few  bacteria,  may  have  passed  before  observations 
were  commenced ;  but,  if  any  survived,  the  percentage  must  have 
been  extremely  small. 

Proof  that  Bacteria  come  down  through  the   Sand  of  this 

Tank. 

In  July  and  August,  1889,  a  number  of  experiments  were  made,  to 
determine  whether  the  increased  number  of  bacteria,  with  the  greater 
flow,  was  due  to  an  increased  number  coming  through  the  sand  of 
the  filter  at  the  time,  or  was  due  to  washing  out,  by  the  greater 
flow,  numbers  that  had  accumulated  or  grown  in  the  underdrains, 
or  gravel  on  the  bottom,  exposed  to  air  entering  the  outlet  pipe. 

For  this  purpose  the  outlet  pipe  was  closed  when  water  was  slowly 
coming  through  the  sand,  for  several  hours,  and  the  accumulated 
water  drawn  out  at  varying  velocities.     It  was  found  in  July,  that,   • 
when  this  accumulated  water  was  drawn  at  a  slow  rate,  very  few 
bacteria  were  in  it,  and  that  the  number  increased  greatly  when 
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drawn  at  a  rapid  rate,  ehowing  that  some  bacteria  were  then  washed 
off  from  their  resting  places  in  the  drains  and  in  the  gravel ;  but  this 
increase  was  not  as  great  as  the  increase  from  slow  to  a  like  rapid 
motion  when  the  effluent  was  coming  directly,  at  these  varying 
rates,  through  the  sand.  From  this  it  follows  that  the  great  increase 
in  the  number  with  the  increase  in  rate  from  this  tank  is  due  to  more 
bacteria  coming  down  through  the  sand  with  the  increased  rate,. 
rather  than  coming  from  any  accumulation  in  the  underdrains  and 
gravel.  ♦/ 

The  Greatest  Number  op  Bacteria  gome  through  with  the 
Sewaoe  first  applied  after  an  Intermission. 

In  August,  many  experiments  were  made  to  determine  the  ques- 
tion examined  in  July. 

On  August  3  and  7,  the  number  of  bacteria  found  in  the  effluent 
that  had^ome  slowly  through  the  sand  and  was  drawn  out  of  the 
underdrains  at  different  rates,  was  from  14  to  118. 

On  Auffust  12,  at  the  minimum  rate  of  flow,  the  number  was  143. 
As  the  maximum  rate  was  approached,  the  number  reached  13,832, 
and  gradually  fell  from  this  number,  in  an  hour  and  a  half,  to  4,964. 

At  9  p.m.,  August  14,  the  outlet  was  closed;  and  liquid  that 
slowly  came  through  the  sand  accumulated  till  10.16  a.m.,  August 
15.  Then  this  was  let  out  at  varying  rates,  from  the  slowest  ordi- 
nary flow  to  five  times  the  rate  of  the  maximum  daily  flow.  The 
number  of  bacteria  varied  from  8  to  126,  averaging  for  the  two 
hours  65  per  cubic  centimeter.  At  the  end  of  this  time  the  rate  of 
flow  began  to  increase  from  the  500  gallons  of  sewage  that  had  been 
applied.  The  number  of  bacteria  increased  with  the  rate  of  flow  to 
a  maximum  of  4,644,  and  for  five  hours  averaged  1,540. 

These  experiments  were  continued  through  August  with  like 
results,  showing  that,  when  the  rate  of  flow  was  increasing  to  its 
maximum,  which  generally  occurred  within  an  hour  after  sewage 
was  applied,  and  at  the  time  when  the  sewage  was  just  disappearing 
from  the  surface,  the  number  of  bacteria  increased  from  about  150 
to  10,000  ;  while  an  increase  in  rate  of  flow  through  the  underdrains, 
by  forcing  water  into  them  and  allowing  it  to  rush  out  with  as  great 
velocity,  increased  the  number  to  a  few  hundred,  proving  conclu- 
sively that  these  large  numbers  of  bacteria  came  down  through  the 
Band ;  and  the  reason  for  this  has  been  found  by  experiments  made 
since  the  work  of  the  first  two  years  was  closed.  In  sand  as  coarse 
and  even-grained  as  this  of  Tank  No.  1,  the  air  space,  after  the  filter 
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has  drained  for  a  day,  is,  as  has  been  said,  about  twice  as  great  as 
the  space  then  occupied  with  water.     Upon  the  first  application  of 
sewage  in  large  quantity,  the  air  passages  are  quite  large,  and   the 
sewage  flows  into  them  rapidly,  passing  by  much  of  the  water  held 
in  the   more  minute  interstices ;   and  a  small  percentage  of   this 
sewage  reaches  the  outlet  within  an  hour,  bearing  with  it  quite  a 
large  fraction  of  the  bacteria  it  contained  when  applied.     In   one 
case,  the  effluent,  within  the  first  hour  after  sewage  was  applied, 
Aiontained  nearly  twenty  per  cent,  sewage  and  nearly  five  per  cent, 
of  the  number  of  bacteria  in  the  sewage ;  th  it  is,  the  small  portion 
of  sewage  that  came  through  the  sand  in  the  first  hour  brought  with 
it  about  one-quarter  of  the  bacteria  it  contained  at  starting.     In  one 
hour  and  a  half  from  starting,  the  number  was  reduced  to  one- 
twelfth;  and  later  still,  the  fraction  was  rapidly  reduced;  until,  in 
twenty-two  hours,  the  number  in  the  effluent  was  but  one-sixth  of 
one  per  cent,  of  the  number  starting.  • 

General  Conclusions  in  Regard  to  Management. 

From  these  experiments  we  conclude,  that,  with  a  filtering  area 
of  coarse,  open  sand  like  this,  a  less  number  of  bacteria  will  live  to 
get  through  the  sand,  if  the  underdrains  are  as  deep  as  practicable, 
and  as  far  apart  as  will  serve  to  drain  the  quantity  of  sewage  to  be 
applied  ;  and,  if  the  sewage  be  applied  in  small  quantities  at  a  time, 
rather  than  in  large  quantities,  —  that  is,  if  one  inch  in  depth  upon 
the  area  be  applied  three  times  a  day,  —  the  number  of  bacteria 
reaching  the  drains  will  be  less  than  if  three  inches  in  depth  be 
applied  once  a  day. 

With  these  precautions,  it  is  probable  that  the  number  of  bacteria 
that  can  survive  the  passage  from  the  surface  to  the  underdrains  may 
be  kept  constantly  as  low  as  one  in  a  thousand  of  the  number 
applied,  and  possibly  at  a  still  lower  number.  But  it  now  appears 
that,  whatever  precautions  we  may  take  with  this  coarse  sand,  we 
cannot  depend  upon  so  complete  removal  of  bacteria  as  with  some 
layers  of  finer  sand  that  will  make  necessary  a  detention  of  the  most 
forward  particles  of  the  sewage  for  two  or  three  days  within  the 
sand. 

In  general,  we  may  say  that  the  conditions  that  give  the  most 
complete  nitrification  of  the  effluent,  and  purify  it  most  completely 
from  organic  matter,  as  shown  by  the  small  amounts  of  free  and 
albuminoid  ammonia,  will  also  make  it  most  nearly  impossible  for 
bacteria  to  survive  the  passage. 
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Bacteria  found  in  the  Sand  at  Different  Depths  on  Dif- 
ferent Dates. 

The  sand  of  Tank  No.  1  has  been  examined  for  bacteria  by  boring 
a  hole  from  top  to  bottom,  and  taking  out  samples  at  dijQferent 
depths,  and  determining  the  number  of  bacteria  in  a  gramme  of  the 
sand.  By  the  method  used  in  obtaining  the  specimen  from  the  lower 
part  of  the  tank,  it  is  probable  that  some  uncertainty  enters  the 
results,  from  sand  falling  from  the  upper  layers. 


Number  of  Bacteria  found  in  One  Gramme  of  Sand  taken  from  Tank  No, 
Various  Depths,  on  Different  Dates, 
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40,000 

- 

36  inches, . 

10,600 

- 

- 

5incbe«..       . 

- 

- 

63,400 

46  Inches, . 

- 

- 

4,900 

8  inches,.        .        . 

17,900 

30,700 

48  inches,. 

61,000? 

6,200 

- 

9faiehe8,. 

- 

14,600 

- 

60  inches, . 

16,700 

- 

4,100 

In  general,  there  is  a  very  marked  decrease  in  number  from  the  top 
to  the  bottom,  there  being  in  the  lower  inch  but  three  per  cent,  of  the 
number  in  the  upper  inch ;  but  the  most  rapid  decrease  is  in  the  upper 
few  inches.  Below  the  first  foot  the  number  is  more  nearly  constant, 
and  averages  about  six  per  cent,  of  the  number  in  the  upper  foot. 

In  the  upper  foot,  particularly  near  the  surface,  there  is  a  decided  ' 
increase  in  the  number  from  December  to  May  ;  but  this  increase  is 
not  apparent  below  the  first  foot.     In  this  respect  it  follows  the 
amount  of  stored  nitrogen  in  the  sand  given  in  a  previous  table. 

In  December,  1888,  nearly  all  of  the  bacteria  found  in  the  sand 
were  of  one  kind.  In  February,  the  same  kind  was  abundant,  but 
was  accompanied  by  others. 

The  number  of  bacteria  usually  found  in  the  sewage  as  it  is  turned 
upon  the  several  filters,  and  the  number  found  in  the  eflluent  of 
Tank  No.  1,  are  given  in  the  following  table  :  — 
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FILTRATION  OF  SEWAGE. 


The  Number  of  Bacieria  found  in  a  Oubie  Oeniimeter  of  the  Sewage  applied  to  Tank 
No.  1  by  Two  Counts,  and  in  the  Effluent  by  One  Count  on  the  Dates  given. 


KUMBBR  OF  BaC- 

Kdxbbr  op  Bao- 

NUKBKR 

ov  Bac- 

TKKiA  PKR  Cubic 

TKRiA  PBR  Cubic 

TBBIA.  !»«»  CTBIC 

Ckmtimktbb. 

Cbktimktkr. 

CKSmMBTBB. 

1>ATK. 

Datb. 

1 

I>ATB. 

Sewage 

EfllQ. 

Sewage 

Efflu- 

Sewafre 

£ffla- 

applied. 

ent. 

applied. 

ent. 

applle<l. 

ent. 

188S. 

ISm  — Con. 

19SS-Con. 

Jan.   8,  .      . 

- 

27 

June  7,  .      . 

1.260.000 

- 

Dec.  21,  .      . 

409,500 

27 

6,.      . 

- 

86 

0,  .      • 

- 

8,168 

26.  .      . 

415,800 

s,2a 

7..      . 

- 

43 

14,  .      . 

_ 

528 

10,  .      . 

897,611 

14 

16,  .      . 

1.584.000 

- 

1SS9. 

12.  .      . 

1,071,048 

9.094 

21,.      . 

- 

8,400 

Jan.  2,  .      . 

855.000 

11,020 

14..      . 

873,000 

42.170 

July  8,  .      . 

. 

4,928 

8..      . 

518.800 

1,806 

17,.      . 

765,000 

135.90Q 

13..      . 

- 

5,886 

15.  .      . 

228,900 

8»910 

19,.      . 

1,512,000 

222.234 

17,.      . 

- 

4.230 

22.  .      . 

2,038.400 

41 

21.  .      . 

1.848.000 

387,600 

21,.      . 

. 

8.600 

29.  .      . 

805,000 

2,820 

24..      . 

126,000 

86,490 

Aug.  7,  .      . 

. 

88 

Feb.  6.  .      . 

178.950 

9,828 

26,.      . 

1,050.000 

170,080 

16.  .  .    . 

- 

72 

12.  .      . 

184.000 

2,516 

28..      . 

929,250 

15,246 

21,  .      . 

- 

63 

19.  .      . 

137,660 

30 

31,  .      . 

1,134,000 

12,315 

"SepLll,  .      . 

_ 

2.508 

27.  .      . 

102,400 

4,890 

Feb.   2.  .      . 

211,200 

2,119 

15,  .      . 

- 

113 

Mar.  5,  .      . 

128.800 

5,075 

4..      . 

258.000 

3,420 

20.  .      . 

- 

2.442 

12.  .      . 

251.800 

&S 

7.  .      . 

873,600 

1,443 

25..      . 

. 

183 

19..      . 

227.000 

149 

».  .      . 

960.000 

42,840 

29,  .      . 

. 

62 

26.  .      . 

767,600 

53 

U.  .      . 

237,000 

1,613 

Oct.    2.  .      . 

167,327 

2,122 

Apr.  2,  .      . 

625,650 

236 

14.  .      . 

600,000 

23,229 

4.  .      . 

90,000 

- 

9.  .      . 

891.750 

82 

16..      . 

270,000 

25,433 

6,  .      . 

126,791 

150 

16.  .      . 

3,963.000 

74 

18,  .      . 

801.600 

8,167 

0.  .     . 

813,200 

- 

24.  .      . 

1.382,600 

27 

21.  .      . 

1.125,000 

722 

11.  .      . 

818,420 

88 

80.  .      . 

624,650 

29 

23,  .      . 

1,440,000 

42,570 

13,  .      . 

196,560 

- 

May   7.  .      . 

1.481.150 

32 

25.  .      . 

720,000 

13,090 

16..      . 

698,443 

817 

14.  .      . 

1.679,200 

87 

28,.      . 

630,000 

10.467 

19.  .      . 

498.400 

- 

21.  .      . 

511.600 

249 

Mar.  1,  .      . 

1,440,000 

22.092 

20.  .      . 

859.600 

- 

28.  .      . 

628,800 

45 

3,  .      . 

1.440.000 

6.761 

23,  .      . 

599.640 

- 

June  4,  . 

1.175.750 

S3 

6,  .      . 

984.000 

180.200 

25,  .      . 

840.000 

110 

11,  .      . 

1.151,050 

20 

10,  .      . 

2,317,986 

- 

27,  .      . 

690,604 

- 

18,  .      . 

653,800 

146 

15,.      . 

3,058,760 

- 

Nov.  1,  .      . 

155,800 

- 

26,  .      . 

2.387,400 

S90 

17,  .      . 

1.452.000 

80.492 

8.  .      . 

- 

136 

July  2,  .      . 

449,200 

- 

20,  .      . 

1,144.800 

1.661 

8.  .      . 

478,040 

- 

9 

185 

22.  .      . 

891,660 

4.607 

8..      . 

1,639,400 

75 

16,  .      . 

703.100 

26,«« 

24,  .       . 

1,622,800 

2.596 

10.  .       . 

270,650 

- 

23 

870,500 
408.200 
188.850 
865.900 
236,100 
660,500 

138 

27,  .      . 

912,825 

9.006 

13,.      . 

401,750 

74 

30,  . 

351 

20,  .       . 

31.  .      . 

Apr.  3,  .      . 

19..      . 

3,310,512 
2,516,832 
1,217,100 
1,440,000 

11,248 

1,056 
119 

16.  .      . 
19..      . 
21.  .      . 
23.  .      . 

150,400 

1,106,900 

277.800 

213,800 

289 
60 

Aug.  6,  .      . 
12..      . 
19,.      . 
27,  . 

41 
1,890 

25,  .      . 

- 

211 

26,  .      . 

836.450 

. 

28,  .      . 

- 

7.920 

28,  .      . 

1,762.950 

8.799 

Sept.  2,  .      . 

099.050 

81 

May    8.  .      . 

1,900,800 

735 

30,  .      . 

562,050 

. 

10,  .      . 

1.310,200 

76 

10,  .      . 

- 

217 

Dec.   5,  .      . 

146,500 

56 

16..      . 

529,500 

34 

19.  .      . 

1,320,000 

8.232 

7,  .      . 

138,600 

_ 

24.  .      . 

- 

ssr 

22,.      . 

- 

4,422 

10,  .      . 

148,650 

15 

Oct.    2,  .      . 

596,000 

46 

26.  .      . 

- 

13,200 

12,.      . 

937,300 

- 

10,.       . 

709,800 

4,430 

29,  .       . 

- 

6U 

14,  .      . 

406.400 

8,640 

16,  .       . 

1.272,000 

32 

31.  .      . 

~ 

40 

17,  .      . 

140.000 

- 

25..      . 

1,108,800 

9 
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AND   OF  THE  EFFLUENT;  AND  OTHER  NOTES;  FOL- 
LOWED BY  TABLES  OF  SERIES  OF  CHEMICAL 
AND  BIOLOGICAL  EXAMINATIONS. 


Digitized  by  VjOOQ IC 


FILTRATION  OF  SEWAGE. 


FILTER   TANK   No.    1. 


JAB 

maurj. 

18S9. 

p 

^1 

Sbsidub 

OH  EVAPO- 
RATIOH. 

AXXOXIA. 

1 

NlTROGBW  A8 

1^ 

|S 

TB]|?B» 

ATCIB, 

Datb. 

1- 

1 

1 

si 

1 

1 

1 

•   § 

1.    .       * 

1,000 

1,128 

0.60 

2.75 

.0020 

.0082 

.0102 

.24 

.0180 

None. 

- 

- 

- 

2.    .        . 

1,000 

1,072 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

8,    .        . 

1,000 

1,000 

0.85 

2.35 

.0012 

.0076 

.0088 

.26 

.0200 

Present. 

- 

- 

- 

4.    .        . 

1,000 

979 

0.80 

2.60 

.0014 

.0080 

.0094 

.29 

.0180 

None. 

- 

- 

- 

5,    . 

1,000 

992 

0.80 

2.45 

.0008 

.0078 

.0086 

.24 

.0200 

None. 

- 

- 

6.    . 

1,000 

952 

0.80 

2.65 

.0010 

.0072 

.0082 

.25 

.0200 

None. 

- 

- 

- 

7,    .        . 

1,000 

1,002 

- 

- 

- 

- 

- 

- 

- 

- 

- 

-      - 

8.     .        . 

1,000 

1,011 

1.10 

2.55 

.0010 

.0072 

.0082 

.24 

.0200 

None. 

- 

"i  ■ 

0,     . 

1,000 

994 

.60 

2.60 

.0006 

.0048 

.0064 

.24 

.0150 

Preaent. 

- 

"1  ~ 

10,     .        . 

408 

831 

- 

- 

- 

- 

- 

- 

- 

- 

- 

37-1    - 

11,    .        . 

408 

879 

10.60 

10.25 

.3600 

.1900 

.5500 

2.76 

.0300 

- 

- 

371    - 

12.     .        . 

300 

256 

7.10 

9.65 

.1540 

.0530 

.2070 

2.28 

.0600 

PreBent. 

- 

34* 

- 

13.     .        . 

300 

266 

4.95 

11.55 

.2210 

.0480 

.2690 

3.02 

.0550 

Present. 

- 

SC 

- 

14,     . 

800 

287 

- 

- 

- 

- 

- 

- 

- 

- 

- 

36* 

- 

15,     .        . 

300 

305 

3.75 

12.75 

.5740 

.0780 

.6620 

3.09 

.0700 

Present. 

- 

38- 

- 

16,     .        . 

300 

269 

2.65 

11.65 

.4760 

.0620 

.5280 

2.66 

.1000 

- 

- 

36- 

- 

17,     . 

300 

253 

- 

- 

- 

- 

- 

- 

- 

- 

ZV 

- 

18,    .        . 

300 

289 

8.85 

18.85 

1.0670 

.0800 

1.1470 

3.09 

.0850 

Present. 

- 

34« 

- 

1»,    .        . 

300 

224 

- 

- 

- 

- 

" 

- 

- 

- 

- 

35' 

36* 

20.    .        . 

300 

215 

8.20 

12.70 

.6600 

.0400 

.7000 

2.02 

.0300 

Present. 

- 

31* 

- 

21,     .        . 

282 

185 

- 

- 

- 

- 

- 

- 

- 

- 

- 

35' 

- 

22,    .        . 

252 

186 

4.20 

13.40 

.8000 

.0400 

.8400 

2.76 

.0180 

Present. 

- 

35' 

- 

23,    .        . 

150 

123 

- 

- 

- 

- 

- 

- 

- 

- 

- 

35' 

- 

24,     .        . 

150 

119 

2.60 

11.60 

.7100 

.0500 

.7600 

2.08 

.0600 

Present. 

- 

34' 

- 

25,    .        . 

150 

119 

1.90 

11.60 

.6800 

.0600 

.7400 

2.20 

.0300 

Present. 

- 

SO* 

- 

26,    .        . 

ir^ 

108 

- 

- 

- 

- 

- 

- 

- 

- 

- 

34' 

- 

27,    .        . 

l.-iO 

115 

5.70 

11.90 

.5600 

.0400 

.6000 

1.95 

.0180 

Present. 

- 

35' 

- 

28,     .        . 

150 

119 

- 

- 

- 

- 

- 

- 

- 

- 

- 

35' 

St 

29,    .        . 

150 

129 

8.40 

14.50 

.9600 

.0500 

1.0100 

8.28 

.0100 

Present. 

- 

ZV 

- 

80,    .        . 

140 

138 

- 

- 

- 

- 

- 

- 

- 

- 

- 

29r 

- 

81,    . 

.    150 

138 

1.50 

10.80 

.5600 

.0900 

.6500 

1.89 

.0400 

Present. 

- 

86* 

sr 

City  water  applied  till  Jannary  9.    Jannnry  10.  ->  First  sew  ige  applied.    January  14.  ~  Two  iocbei 
of  snow  and  ice  on  surface.    January  17. — Threc*eighthB  inch  of  ioe. 
Total  efBaent  to  end  of  month,  4,488  gallons. 
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Filter  Tank  No.  i  —Continued. 

WMwmturr,  ISSS. 


1^ 

Bui  DUB 

ON  EVAPO- 
BATIOH. 

AXXOKU. 

1 

NITMOOBH  A8 

Tbxpbr- 

ATCRB. 

Datk. 

§1 

1-' 

1 

1 

i 

1 

1 

i 

9i 

1 

1 

1.    . 

150 

188 

8.10 

11.70 

.8100 

.0760 

.8850 

2.85 

.0200 

Present. 

, 

86- 

35- 

2,    . 

176 

100 

- 

- 

- 

- 

- 

- 

- 

- 

- 

86* 

36- 

3,    .        . 

150 

187 

1.60 

11.20 

.4600 

.0300 

.4000 

2.15 

.0200 

Prewnt. 

- 

35- 

36* 

4.    .        . 

150 

131 

- 

- 

- 

- 

- 

- 

- 

- 

- 

37- 

36- 

5,     .         . 

150 

172 

5.00 

12.40 

.6500 

.1100 

.7600 

2.56 

.0200 

Present. 

- 

40- 

35* 

«,     .         . 

150 

149 

- 

- 

- 

- 

- 

- 

- 

- 

- 

40- 

36* 

T.    . 

150 

130 

1.60 

11.60 

.6300 

.0200 

.6600 

2.48 

.0150 

Present. 

- 

39* 

36* 

8.    . 

150 

145 

2.70 

12.00 

.6200 

.0700 

.6900 

2.66 

.0150 

Present. 

- 

87- 

35* 

».     .         - 

150 

141 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

36- 

10.    .         . 

150 

133 

1.20 

13.30 

.5700 

.0200 

.5900 

3.04 

.0100 

Present. 

- 

38- 

- 

11.    . 

150 

120 

- 

- 

- 

- 

- 

- 

- 

- 

- 

86- 

86- 

12.    .        . 

160 

114 

2.00 

12.10 

.4600 

.0200 

.4800 

2.66 

.0070 

Present. 

- 

44' 

- 

13.    .        . 

150 

131 

- 

- 

- 

- 

- 

- 

- 

- 

- 

44- 

- 

U,    .        . 

160 

176 

1.30 

11.00 

.4200 

.0400 

.4600 

2.06 

.0200 

Present. 

- 

44* 

3r 

15,    .        . 

150 

155 

4.20 

10.60 

.4500 

.0500 

.5000 

2.10 

.0200 

Present. 

- 

44' 

sa* 

1«»    .       . 

150 

128 

- 

- 

- 

- 

- 

- 

- 

- 

- 

44' 

36' 

17.    .       . 

170 

128 

1.60 

10.20 

.2700 

.0700 

.3400 

2.22 

.0200 

Present. 

- 

51* 

2IF 

18.    .       . 

150 

102 

- 

- 

- 

- 

- 

- 

- 

- 

- 

63* 

- 

W,    .       . 

150 

301 

- 

- 

- 

- 

- 

- 

- 

- 

- 

54* 

- 

».    .       . 

150 

825 

2.40 

11.00 

.3400 

.0600 

.4000 

2.68 

.0100 

Present. 

- 

44- 

^ 

n.  .     . 

150 

232 

- 

- 

- 

- 

- 

- 

- 

- 

- 

44' 

35- 

22,    .       . 

150 

163 

1.60 

8.30 

.2600 

.0630 

.3200 

1.83 

.0100 

Present. 

- 

67* 

35- 

23,    .       . 

150 

166 

- 

- 

- 

- 

- 

- 

- 

- 

- 

65* 

36- 

21.    .        . 

150 

147 

1.60 

7.80 

.2100 

.0500 

.2600 

1.90 

.0100 

Present. 

- 

48' 

- 

25,    .       . 

150 

178 

. 

- 

- 

- 

- 

- 

- 

1 

- 

5r 

36" 

2«,    .        . 

150 

245 

- 

- 

- 

- 

- 

- 

- 

- 

- 

55* 

86* 

27,    . 

150 

173 

1.20 

7.90 

.1500 

.0500 

.2000 

1.71 

.0150 

Present. 

- 

l44- 

36* 

28.    .        . 

160 

145 

- 

- 

- 

- 

- 

- 

- 

- 

- 

54- 

35* 

29,    .       . 

150 

126 

1.90 

7.40 

.1850 

.0110 

.1960 

1.90 

.0150 

.0025 

- 

64* 

36' 

Febrnary  2. — Two  boles  cat  through  10  Inches  of  frost;  12  Inches  of  snow  and  Ice  on  snrfaoe. 
Febmary  7  and  14.— Cat  through  10  Inches  of  frost.  February  17.-«A  trench  18  inches  wide  cut 
throagh  the  ice.  and  through  2  inches  of  sand,  12  inches  from  edge  of  tank.  Sewage  settlvd  H  inch  in 
12  roinates. 

Total  qoantity  of  effluent  to  end  of  month.  9.071  gallons. 
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Filter  Tank  No.  1  —  Coatinned. 

Marclt,  ISSS. 


P 

RB8I1>US  on 
EVAPOBATIOX. 

AmcoKu. 

, 

NlTROOSH  AS 

«9 

J 

Tkhpeb- 

ATCSB. 

DATS. 

§1 

1 

1 

f 

1 

Sq 

1 

1 

1 

1,  .    . 

2.  .   . 

».  .    . 

6,  .   . 

6.  .   . 

7,  .   . 

8.  .   . 

9,  .   . 

10.  .   . 

11.  .   . 

12.  .   . 
18.  .   . 
14.  .   . 
16.  .   . 

16.  .    . 

17.  .   . 

18.  . 

19.  .   . 

20.  .   . 

21.  .   . 

22.  .   . 

23.  .   . 

24.  .   . 

25.  .   . 
28,  .   . 

27,  .   . 

28,  .   . 

29,  .   . 

80.  .   . 

81.  .   . 

150 
160 
160 
150 
160 
150 
150 
1.040 
1.000 
160 

200 
200 
200 
260 
250 

160 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 

144 
147 
172 
141 
153 
146 
148 

222 
215 
210 
207 
214 
2,824 
61 
28 
65 
111 
207 
251 
170 
112 
126 
141 
830 
211 
172 
138 
128 

2.80 

1.80 
2.10 

2.50 
2.00 
2.60 

1.60 

« 

2.70 

2.80 
1.70 
1.40 

8.60 

10.00 
8.90 

10.60 
10.40 
11.60 

11.70 

9.10 

0.10 
0.50 
9.80 

.2120 

.2400 
.2400 

.2200 
.2560 
.4820 

.8040 

.2400 

.4000 
.3750 
.3650 

.0210 

.0280 
.0240 

.0820 
.0250 
.0880 

.0180 

.0140 

.0190 
.0190 
.0180 

.2880 

.2630 
.2640 

.2520 
.2810 
.4660 

.3220 

.2640 

.4190 
.3940 
.3830 

2.00 

2.38 
2.18 

1.90 
2.16 
2.44 

2.60 

2.40 

2.44 
2.86 
1.98 

.0180 

.0180 
.0260 

.0180 
.0200 
.0080 

.0160 

.0260 

.0200 
.0800 
.0660 

.0008 

.0005 
.0020 

.0002 

.0002 

.0003 

t 
.0004 

.0011 

.0009 
.0009 
.0017 

3h.l0m. 

Om. 

Om. 
Om. 

65* 
61' 
68* 
38* 
64* 
48* 
61* 

sr 

65' 
89- 

76* 
76* 
80- 
68- 
70* 

69* 
68* 

es" 

61* 
68* 
60- 
65- 
67* 
65' 

62* 

60* 

sr 
se- 

38" 
36* 
86' 

zr 
sr 

36- 
38* 

sr 

86* 

3r 

4P 

40* 
89- 
88* 
SS* 
39* 
39* 
40* 
39* 
SB- 
39* 
89* 
39* 
39* 

Efflaent  coIorlesB.  generally  nearly  clear  and  with  very  little  sediment. 

March  8.  —  Outlet  pipe  oloeed  at  7.41  a.m.  Twenty  gallons  water  applied  at  140*  and  20  at  800*. 
March  10.  —  Surface  entirely  oovered  with  sewage.  March  11.  — Oatlet  pipe  opened  at  9.31  a.m. 
March  12.  — Barf  ace  covered  with  sewage.  March  14.  — Snow  all  taken  from  surface.  March  IS.-- 
Sewage  ran  on  side  of  tank  that  contained  frost.    March  17. —Frost  on  26  square  feet  of  surface. 

Total  effluent  to  end  of  month.  16.749  gallons. 
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FOUr  Tank  Ko.  I— Continued. 

ApHI,  UM. 


1 

is 

RUIDUB  OK 
KVAJ>0SAT10V. 

AMMOmA. 

, 

NiTBOOBHAa 

|i 

Tkvpbr- 

ATUKB. 

Datx. 

4 
1* 

1 

i 

r 

1 

1 

1 

1 

1 

IM 

lU 

8.00 

8.70 

.8760 

.0800 

.4040 

2.04 

.0850 

.0010 

„ 

4r 

40* 

160 

MO 

2.60 

10.10 

.8660 

.0180 

.8880 

2.10 

.0550 

.0014 

- 

48* 

40* 

IM 

143 

2.20 

8.40 

.8600 

.0280 

.8830 

1.88 

.1000 

.0016 

-.. 

43* 

40* 

IfiO 

1S8 

1.70 

8.60 

.3680 

.0170 

.3860 

1.94 

.1100 

.00112 

.. 

4r 

4r 

UO 

110 

- 

- 

- 

- 

- 

- 

- 

- 

. 

44' 

41* 

«,  .     .     uo 

sso 

8.50 

8.80 

.8160 

.0100 

.8860 

2.18 

.1800 

.0016 

. 

46* 

41* 

IM 

141 

- 

- 

- 

- 

- 

- 

. 

• 

. 

46* 

. 

- 

- 

- 

- 

- 

- 

. 

. 

- 

. 

. 

« 

« 

IM 

161 

2.60 

11.80 

•4000 

.0190 

.4190 

2.06 

.1100 

.0012 

- 

86* 

41* 

10,    .        . 

IM 

186 

4.00 

10.40 

.4200 

.0200 

.4400 

2.60 

.2000 

.0019 

Om. 

46* 

4r 

11,  .     . 

150 

S20 

- 

- 

- 

- 

- 

- 

- 

- 

. 

46* 

41* 

12,    .       . 

180 

190 

- 

- 

- 

- 

- 

- 

- 

- 

- 

48* 

4r 

U,    .       . 

160 

161 

2.60 

12.40 

.4200 

.0170 

.4870 

2.70 

.2800 

.0082 

- 

42* 

w 

u.  .      . 

160 

156 

- 

- 

- 

- 

- 

- 

- 

- 

- 

45* 

42* 

u.  .      . 

160 

147 

- 

- 

- 

- 

- 

- 

- 

- 

- 

45* 

4r 

M.   .       . 

160 

180 

3.40 

22.80 

.8600 

.0200 

.8800 

2.98 

.8000 

.0022 

- 

4r 

42* 

17.   .       . 

150 

180 

- 

- 

- 

- 

- 

- 

- 

- 

- 

45* 

48* 

la,  .     . 

150 

140 

4.00 

12.60 

•8700 

.0200 

.8000 

2.88 

.4000 

.0028 

- 

45* 

4r 

».  .     . 

160 

148 

- 

- 

- 

- 

• 

.1 

• 

- 

- 

42* 

4r 

«.  .     . 

160 

138 

4.20 

14.00 

.8860 

.0140 

.8090 

8.05 

.5500 

.0080 

- 

48* 

42* 

n.  .     . 

800 

296 

- 

- 

- 

- 

- 

- 

. 

- 

- 

44* 

48* 

«.  .     . 

- 

58 

- 

- 

- 

- 

- 

- 

- 

- 

. 

. 

. 

a.  .     . 

160 

98 

6.00 

14.80 

.8100 

.0180 

.8280 

8.60 

.6600 

.0040 

. 

42* 

44* 

M,   .      . 

150 

140 

- 

-    ■ 

- 

- 

- 

- 

- 

- 

15  m. 

43* 

48* 

»^ .    . 

150 

137 

7.60 

14.90 

.8860 

.0180 

.8480 

8.57 

.9000 

.0040 

- 

42* 

44* 

M,   .       . 

150 

148 

- 

- 

- 

- 

- 

- 

- 

- 

. 

46* 

44* 

«,  .       . 

IftO 

140 

18.80 

14.60 

.2760 

.0180 

.2880 

8.20 

1.0000 

.0040 

- 

44* 

46* 

«.  .      . 

6O0 

S80 

- 

• 

- 

- 

- 

- 

- 

. 

. 

46* 

4r 

«,   .      . 

- 

68 

- 

- 

- 

. 

. 

- 

. 

. 

. 

. 

^ 

».  .      . 

- 

6 

- 

- 

- 

- 

-• 

- 

- 

- 

- 

- 

m 

• 

SfflaeBieolori«M,  geneimllj  naarly  clear  aod  whh  Mule  sediment. 

AprU8.-RtTer  bigh;  oatlet  of  tank  cloied  at  6.20  a.x.  April  9.~0atlet  opened  at  8.26  a.m. 
ipra  80. -.River  high;  outlet  oloaed  at  8.35  a.m.  Organiame  Tielble  to  tlie  naked  eye  In  aamplei 
tbronglioat  the  montli. 

Total  effluent  to  end  of  month,  20,198  gallone. 
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Filler  Tank  No.  1  —  Continued. 


Rbsidcb  ov 

EVAPOSATIOH. 

AUMOIOA. 

1 

Nitrogen  as 

1     "S 

a 

1 

|[  Texfkx- 

j       ATL'KE. 

Date. 

§1 

1^ 

1 

1 

B 

a 

93 

1 

2 

;i| 

L 

i 

1,.       . 
2..        . 

8..        . 
4..        . 
6,.        . 
6.  .        . 
7..        . 
8,  .        , 
9,.       . 
10..       , 

11,  .       . 

12,  .        . 
18,.        • 
U,  .        . 
16,  .        . 
16.  .        . 
17..        . 
18,.        . 

19.  .        . 

20.  .        . 

21.  .        . 
22..        . 
28,  .        . 
W,  .        . 
26.  .        . 
26,.        . 
27,.       . 
88,.       . 
29,.       . 

^,  .        . 
81..       . 

160 

aoo 

160 
160 
160 
160 
160 
800 

160 
160 
800 

160 
160 
160 
150 
150 
800 

160 
160 
160 
150 

118 
227 

49 
102 
188 
181 
139 
168 
445 

41 

246 
162 
806 
44 

91 
146 
131 
128 
153 
237 

£2 
126 
174 
168 
187 

18.60 

14.60 
16.90 

18.00 

9.90 

10.20 
9.80 

6.80 

17.80 

23.70 
19.80 

16.60 

17.10 

16.60 
16.80 

19.40 

.1860 

.1150 
.0850 

.0400 

.0060 

.0082 
.0008 

.0012 

.0180 

.0180 
.0110 

.0060 

.0106 

.0060 
.0096 

.0090 

.1980 

.1280 
-0960 

.0460 

.0186 

.0112 
.0104 

.0102 

8.71 

8.04 
8.16 

2.68 

2.67 

3.16 
8.79 

4.46 

2.0000 

8.0000 
2.8000 

2.0000 

2.0000 

2.8000 

1.0000 

■ 
.7000 

.0100 

.0081 
.0078 

.0142 

.0047 

.0011 

.0003 

1 

.0005 

i     - 

Om. 

1 
1 

45* 
45* 

50* 

C 

51' 
61' 
49- 

49* 
49' 
60* 

5V 

-! 

65** 

. 

w| 

67' 1 

r 

47 

so- 
ar 

50* 

ar 

51' 

51' 
51' 
51' 

ST 

ssr 
ssr 

54' 

5i' 

sr 

sr 

5C 

Effluent  colorless,  generally  nearly  clear  and  with  very  Uttlo  sediment. 

May  4. ^Outlet  opened  at  7.48  a.m.    May  13.  — River  high;  outlet  closed  at  2.66  p.x.    Mayl? 
Outlet  opened  at  7.89  A.x .    Organisms  visible  to  the  nakea  eye  in  samples  throughout  the  month. 
ToUl  effluent  to  end  of  month,  24,096  gallons. 
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Filter  Tank  No.  1  -•  Continued. 

tmme,  ISIM. 


\l 

3     . 

'Si 

1  Rkaiduk  ox 
evafokatiun. 

1 

Amioxu,. 

j 

NlTKOOBH  All 

f 

Tbmpkr- 

ATURK. 

Datk.         ^s 

§1 
1- 

t 

1. 

!■ 

1 

i 
1 

1 

1 

58* 
60* 

59- 
61- 
61* 
64* 
64- 
66- 

68» 
85' 
64* 
65- 
66* 
66' 

68- 
68* 
70- 
69* 
69" 
73- 

71* 
69- 
69" 
68* 
66* 
67' 

«J 

1..    . 
1,.    . 

3,.        . 
4,.        . 
*.  .        . 

V.      . 

T..       . 
ft,.       . 
•,.       . 
Vi,.      . 
11..      . 
li,.      . 
13,.       . 
U,.       . 
15,.       . 
%,.       . 
IT,.       . 

w».     . 

»,.      . 

«..      . 

a,.    . 
tt..     . 
a..    . 

^4,.      . 

»,.    . 
a,.     . 

21,.       . 
»,.      . 
»..      . 
»,.      . 

1£0 

aoo 

150 
150 

ISO 
150 
800 

150 
150 
150 
150 
150 
800 

300 
800 

800 
800 
800 
flOO 

- 

800 
800 
800 
800 
800 
600 

141 
251 

45 

99 
152 
179 
148 

93 
250 

50 

90 
131 
141 
IM 
217 
287 

50 
273 
256 
291 
278 
281 
551 

52 
275 
289 
357 
283 
290 
652 

10.10 

7.40 
11.20 

8.70 
6.60 

8.60 
4.00 

6.20 
4.20 

22.10 

19.40 
14.40 

21.10 
26.80 

24.20 
16.50 

23.30 
23.70 

.0004 

.0006 
.0010 

.0004 
.0016 

.0018 
.0018 

.0018 
.0006 

.0162 

.0134 

.0148 

• 
.0090 

.0186 

.0130 
.0126 

.0128 
.0288 

.0156 

.0140 
.0158 

.0100 

.0162 

- 

.0148 
.0144 

.0146 
.0294 

4.69 

4.40 
4.44 

6.58 
7.46 

7.62 
4.00 

7.16 
6.86 

1 
.8600 

- 
1.8000 

.9500 

1.2600 
.8600 

.8000 
.6000 

.6500 
.4500 

.0001 

.0010 
.0002 

.0004 
.0002 

.0007 
.0002 

.0002 
.0004 

"   i 

1 
1 

i 
1 

6r 

58* 

60* 

59* 

or 

62* 
61* 
61* 

63* 
62* 
63* 
62* 
63* 
65* 

6r 

66* 
66* 
66* 
68* 
68* 

69* 
68* 
69* 
67* 
68* 
09* 

Efflaent  eoIorleM,  genanlly  very  nearly  clear  and  with  very  little  sediment.    Organliine  visible  to 
the  naked  eye  In  samples  throughout  the  month. 
April  80. ~ Sample  deposited  a  white  crystalline  precipitate  on  standing. 
Total  efBnent  to  end  of  month,  80,607  gallons. 
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Filter  Tank  No.  1  -—  Continued. 
Xaiy,  ism. 


1 

^1 

RsaiDDB  ON 
Evaporation. 

AMMOiriA. 

K 

NlTBOOKK  AS 

1 

Tnrcm- 

ATCKK. 

Bats. 

ii 

1 

i 

ii 

1 

s 

1. 

1 

1 

1..       . 
2..       . 
3,.        . 
4..        . 
6,.       . 
«.  .       . 
T.  .        . 
8,.        . 

0..       . 
10..        . 
11,  .     ■  . 
12,.        . 
13,  .        . 
14,.        . 
15.  .        . 
16..        . 
17.  .        . 
18..        . 
10,  .        . 
20..        . 

21.  .        . 

22.  .        . 

23.  .        . 

24.  .        . 

25.  .        . 
28,  . 

27,  .        . 
28,.        . 
20,  .        . 
80,  . 
31.  .        . 

800 
800 
800 
300 
800 
600 

800 
800 
800 
800 
800 
000 

300 
800 
800 
800 
800 
600 

300 
800 
800 
800 
800 
600 

800 
800 

54 

221 
800 
270 
205 
200 
546 

60 
230 
277 
283 
367 
284 
570 

49 
247 
275 
270 
358 
352 
558 

55 
312 
201 
202 
281 
204 
547 

50 
233 
200 

4.40 
4.40 

6.20 
8.20 

10.00 
7.20 

6.80 
7.80 

26.00 
26.00 

26.10 
23.00 

28.50 
27.80 

31.00 
26.10 

.0006 
.0026 

.0016 

.0012 

i      - 
.0012 

.0122 

.0048 
.0006 

.0172 
.0152 

.0200 

r 

.0138 

.0160 
.0180 

.0140 
.0224 

.0178 
.0178 

.0216 

1 

.0160 

.0172 
.0802 

.0188 
.0230 

7.17 
6.98 

7.91 
5.03 

8.85 
5.91 

7.72 
6.50 

.6000 

.8000 

.9000 

1.0700 

1.1000 
1.6000 

1.8000 
1.2200 

.0014 
.0004 

.0006 
.0008 

.0003 
.0200 

.0010 
.0090 

On. 

65* 

«r 

88* 
70* 

w 
w 

68' 

V 

69" 
71* 
71- 
70* 
71- 

72* 
72* 
73- 
TS- 
72" 
72* 

7r 

08- 

eo* 

70» 

er 

69- 
T2- 

69* 
70- 
72" 
69* 

72" 

70* 
71- 
69* 
71' 
73* 
73* 

TT 
73* 
78* 
78' 
71* 
74* 

tr 

74* 

Effluent  colorless,  geoerally  very  nearly  clear  and  with  very  little  or  no  aediment. 
July4.~\Vhite  sedlmeat  deposited  in  sample.    July  7.  — Na  Ct  in  sample  11.50  parts, 
ignition  obtained  by  adding  Na^  COt  and  filtering,  4.00  parts. 

Organisms  visible  to  the  naked  eye  in  samples  throughout  the  month. 
Total  effluent  to  end  of  month,  89,426  gallons. 
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1 

Is 

RsBiDini  o» 

EVArOKATlOH. 

Ammonia. 

J 

KirioGn  Aa 

1| 

|1 

ATOSS. 

Datb. 

ii 

1^ 

1 

1 

r 

1 

i 

1 

1 

1 

1,.        - 

«..        . 
3..         - 
4..         . 

4,  .        • 
•»-        . 
7.  - 

8..         . 
8..        . 
M.  .        . 
11..        . 
12,.        . 
13..        . 
1*,.        . 
»,.        . 
M..        . 
IT,.        . 
18..        . 

18.  .       . 

»,.       . 

21..        . 

22..        . 

28,.        . 

24..       . 

2S..       . 

2^.      . 

27..       . 

28,.       . 

28,.       . 

80,.       . 

81..       . 

aoo 
soo 

800 

000 

ao8 

aoo 
aoo 

800 

800 

aoo 

800 
800 
800 

800 
800 
800 

800 
80O 

800 
800 
800 
80O 

800 
800 
800 
800 

800 

200 
S84 

SB3 
678 

6S 
S7S 
882 
286 
206 
286 
8T3 

61 
416 
812 
260 
281 
828 
OOB 

60 
280 
284 
466 
290 
280 
660 

60 
280 
282 
271 
278 
276 

1.80 
2.10 

8.40 

2.00 
8.40 

6.60 
8.60 

4.10 

81.60 
28.80 

28.10 

21.60 
20.60 

27.00 
20.20 

80.80 

.0014 
.0106 

.0000 

.0080 
.0010 

.0460 
.0122 

.0840 

.0164 
.0286 

.0210 

.0160 
.0262 

.0248 
.0102 

.0210 

.0178 
.0642 

.0210 

.0280 
.0262 

.0714 
.0814 

.1060 

8.88 
6.67 

6.22 

4.80 
6.40 

6.20 
8.04 

12.24 

1.4800 
1.4000 

1.4800 

1.1000 
1.8000 

1.4000 
1.2600 

1.1260 

.0010 
.0060 

.0004 

.0006 

.0040 

.0012 
.0024 

.0060 

20  m. 

18  m. 

20  in. 

21  m. 

78- 
78* 
78* 
74' 

74* 
72* 
72* 
78* 
72- 
78* 

70* 

60* 
68" 
70- 
71* 

71* 
71* 
70* 
70* 
70- 
70* 

71* 
70* 
60- 

70* 
70- 

76* 

7r 

7r 
7r 

7r 

78» 
74- 
73- 
76» 
78- 

Vt 
78* 

7r 

74* 

7r 

78* 

74* 
74* 
78- 
78* 
74* 
78* 

78* 

7r 

78* 
78' 
78* 

BiBaeirt  geoenlly  eolorleM;  from  very  sUghtJy  to  dlstlnoUy  turbid;  oeoa«tooaUy  milky  and  with 
Twy  liula  Mdimenfc. 

Prom  Aaguflt  1,  onward.  rMfdae  on  evaporation  obtained  with  Na^  CO,.  Angnst  16.— Sewage  dia. 
appeared  from  aorfaee.more  elowly  than  a  few  days  before.  Aagn«t  18  and  26.— Flrat  800  gallona  of 
levage  applied  dleappeared  in  abont  20  minatee.    Aagust  21.  —  Firet  ledimeut  notioed  on  anrfaoe. 

Organleme  vieibie  to  the  nalted  eye  in  aamples  thronghont  the  month. 

Total  effloeot  to  end  of  month.  48,834  gallona.  ^^  . 
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FOter  Tank  No.  1  —  Continued. 


i 

I. 

sS 

(y 

Rksiditb  on 

EVAPOBATIOM. 

AmcoiriA. 

j 

KiTSOGKK  AS 

ll 
ft 

Tbmpsk- 

ATCBK. 

Datb. 

i 

i 

1 

5 

1 

1 

1 

i 
1 

1 

1..       . 

600 

.606 

4.80 

.4210 

.1160 

.0450 
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Bffluent  cOlorlesa,  geoerally  fillghtly  turbid  and  with  very  little  sediment. 

September  6.  — Sewage  disappeared  from  surface  slowly,  as  U  was  thicker  than  usual.  Septem- 
ber 8.  — First  800  gallons  applied  disappeared  In  20  minutes,  and  on  August  16  in  23  mlnatei.  Sep. 
tembcr  16.  —  White  precipitate  In  sample. 

Total  efflnent  to  end  of  month,  68,680  gallons. 
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Filter  Taiik  No  1—  Conldnued. 
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EfflucDt  generaliy  colorleBs  and  ftlightly  turbid,  and  with  very  llitle  sediment. 
Total  effluent  to  end  of  month,  68/293  gallons. 
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Filter  Tank  M.  1  —  Continued. 
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Efflneot  generally  eolorleM,  very  nearly  elear  and  with  very  slight  sedimeDt. 

November  1.  — Tafts  of  grass  pulled  up  and  surface  levelled  over  half  the  area,  — the  first  change 
since  February.  November  22. — Canvas  cover  put  over  tank.  An  arrangement  to  distribute  sewage 
more  equally  over  surface  put  on.  First  300  gallons  applied  November  3  disappeared  in  35  mlnatei; 
November  17,  in  22  minutes;  November  24,  In  25  mlnates. 

Total  effluent  to  end  of  month,  77,422  gallons. 
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Fater  TarA  No.  1  —  Continued. 
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lUBaent  geoenlly  eolorlest  and  •lightly  tarbld,  and  with  very  llltle  or  no  sediment. 

December  8.— Flrit  800  gallons  sewage  applied  disappeared  in  23  mlnates,  sucond  800  gallons  In 
24  minntes.  December  16.— First  800  gallons  disappeared  in  24  minutes.  December  19.  —  River  high ; 
outlet  of  tank  closed  at  6.10  am.  One-half  inch  of  frost  on  sarfaoe.  December  21.— Oatlet  opened 
it746A.x.  Two  and  one-half  inches  of  frost  oa  sarfaoe.  December  29.  —First  800  gallons  sewage 
ipplied  dleappeared  in  21  minutes. 

Toul  effloent  to  end  of  month,  86,782  gallons. 
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Fitter  Tank  No.  1  —  Continued. 
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45' 
44* 

44- 
44* 

46* 

44* 

44' 

44- 

46* 
46* 
44* 

so* 

40" 

40* 

40* 

40* 
40* 
41- 
40" 

4r 

41* 

41' 
40^ 
41' 
41' 
40* 
38* 

89* 
39* 

«r 

89* 
39* 
88* 

38* 

38* 

38* 

EfBaent  generally  oolorleis  and  nearly  clear,  with  little  or  no  eediment. 

January  5.  — A  little  manganese  In  sample.    January  22 One  incli  of  frost  on  surface.   Jann- 

ary  26.  >-  Flrsl  300  gallons  sewage  applied  disappeared  in  24  minutes.  One-half  inch  of  frost  on  surface. 
January  29.  — No  frost  on  surface. 

ToUl  efBuent  to  end  of  month.  94.563  gollons. 
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Filter  Tank  No.  1  —  Continued. 

Vtlnemmry,  IM*. 


P 

RUXDUK  ON 
EVAP0RA.T\01f. 

1 

NlTBOOBM  A8 

Is 

|§ 

Tkmpkr- 

ATUSK. 

Datk. 

ii 

1 

1 

i^ 

< 

1 

1 

i 

1 

i 

1..        . 
%.        - 
3,-        . 
*••        . 

5,  .        - 

«».        - 
7..        . 
»..        . 
•,  .        . 
10..        . 
11..        . 

la. .     . 

13..       . 
14,.       . 
15..       . 
U..       . 
17..       . 
W..       . 
19..       . 
20..       . 
21..       . 

a..     . 

23..       . 
»,.       . 
»..      . 
26,.      . 
21,.       . 
28,.      . 

300 
000 

300 
300 

800 
300 
300 

eoo 

800 
300 
800 
300 
80O 
000 

800 
300 
300 
300 
300 
600 

300 
30O 

300 
800 

300 
588 

58 
225 
203 
298 
208 
260 
608 

67 
238 
297 
306 
283 
294 
608 

64 
244 
280 
300 
271 

«.. 

608 
60 
200 
277 
205 
301 

2.8 

2.2 
1.7 

2.5 
2.6 

1.1 
2.4 

8.4 

10.4 

19.8 
20.3 

19.4 
21.1 

20.1 
19.0 

18.1 

.0114 

.0720 
.0050 

.0500 
.0580 

.0150 
.0550 

.0030 

.0218 

.0350 
.0250 

.0240 
.0800 

.0170 
.0180 

.0200 

.0832 

.1070 
.0000 

.0630 
.0880 

.0820 
.0730 

.0830 

4.22 

4.04 
4.28 

8.80 
4.88 

8.11 
8.73 

3.40 

.0000 

.8000 
.8000 

.8000 
.7000 

.0000 
.0000 

.8000 

.0000 

.0000 
.0000  1 

1 

~       1 
.0006 

.0004 

.0006 
.0008 

.0008 

25  m. 

23  m. 

26  m. 

26  m. 

24  m. 
24  m. 

23  m. 

24  m. 
24  m. 

22  m. 
26  m. 

45* 
44- 

44" 
46* 

44* 
45- 
44* 
45* 

44* 

46' 
46- 
45* 
45* 
45* 

44- 
44* 
45* 
45* 
40- 
45* 

45* 
45* 
45* 

30* 

38* 

38* 
38* 
38* 
38- 

ar 
ar 

zr 

38* 

sr 

37* 

sr 
3r 

38* 
38- 
88* 
38* 

sr 
3r 

87* 

sr 
8r 

EfflaeDt  generally  oolorlets  and  nearly  clear,  with  little  sedlroent. 

February  2.  —  The  first  800  gallons  sewage  applied  disappeared  in  28  minutes;  February  23.  in  22 
talnatci. 

Frost  on  rarfaoe  as  follows :  — Febraary  2. 1  inch ;  February  5, 1  inch ;  February  7,  3  inches ;  Febra- 
V7  9. 33^  Inchea ;  February  20. 1^  inches ;  February  23. 1  inch ;  February  25, 8>i  Inches. 

Total  efflaent  to  end  of  month,  102,674  gallons. 
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FILTRATION  OF  SEWAGE. 

Faur  Tank  No.  1  —  Contbraed. 


XAMli, 

1M». 

li 

AXMOMIA. 

1 

KlTSOOBV  AS 

|§ 

TlXPBB- 

ATCKK. 

Datm. 

1* 

1 

1 

1' 

1 

1 

1 

i 

1 

1 

s 

1,.       . 

2,.       . 

8,.       . 

4,.       . 

6,.        . 

«.  .        . 

T,  .        . 

8,.        . 

».  .  . 
10,  .  . 
11..        . 

12,  .       . 

13,  .        . 

14,  .       . 
16,.        . 
10..        . 
17,  .        . 
18,.       . 
10,  .        . 
20,.        . 
21,.        . 
22,.       . 
28,.       . 
24..       . 
25,.        . 
20,.       . 
27,.       . 
28,.        . 
29,.        . 
80..       . 
81,.        . 

800 
000 

800 
800 
800 
800 
800 
000 

800 
800 
800 
800 
800 
000 

800 
800 
800 
800 
800 
800 

800 
800 
800 
800 
800 
000 

804 
507 

50 
238 
200 
200 
288 
279 
582 

85 
235 
295 
804 
284 
292 
580 

00 
288 
290 
288 
280 
281 
504 

08 
210 
289 
282 
297 
808 
566 

67 

2.2 

2.6 
1.8 

2.0 
8.6 

8.5 
2.4 

1.8 
8.6 

20.4 

18.9 
19.0 

21.1 
24.1 

20.1 
22.7 

81.0 
26.8 

.ono 

.0400 
.0040 

.1680 
.1360 

.1760 
.2120 

.1800 
.1800 

.0270 

.0190 
.0210 

.0280 
.0790 

.0580 
.0820 

.0320 
.0470 

.0980 

.0590 
.0850 

.1960 
.2150 

.2290 
.2440 

.2120 
.2270 

4.15 

8.02 
2.83 

3.57 
8.71 

4.02 
8.89 

6.70 
6.14 

.8000 

.8000 
1.1000 

1.1500 
1.4000 

1.0000 
1.4000 

1.5000 
1.4000 

.0006 

.0004 
.0010 

.0017 
.0050 

.0040 
.0035 

.0020 
.0016 

23  m. 

27  m. 
82  m. 

89  m. 

- 
ih.i-. 

52  m. 
50  m. 
54  m. 

86  m. 
67  m. 

44* 
85* 

85* 

85* 
86- 

«. 

84* 

8r 

85* 

86* 
85* 
SO- 

86- 

vr 

88- 

87- 
87- 
SO- 

41' 

41- 
41* 
80- 

S7- 
SO* 

88* 

sr 

38*. 

sr 

ZT 

sr 
sr 
zr 
sr 

ZT 

sr 

- 
sr 

S8* 

ss* 

88* 

8S- 
38. 

40* 
40* 
41* 
41* 
41' 

Efflaent  from  slightly  to  decidedly  tarbld,  generally  with  very  slight  sediment,  and  with  color  from 
0  to  0.15. 

March  2.  —  No  frost  In  surface  except  within  6  inches  of  enter  edge.  March  9.  —  Second  800  galloof 
sewage  applied  disappeared  in  88  minutes ;  March  16,  in  54  minutes.  March  13.  —  Canvas  cover  removed 
from  tank. 

ToUl  effluent  to  end  of  month,  111,781  gallons. 
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FiUer  Tank  No.  1  —  Continned. 

A»VU.  ISM. 


1 

Si 

1    RB8IDUI  ON   1 
BVJtPOKATIOK. 

AncoinA. 

j 

KiTBOOBV  A8 

TUCPBB- 

ATUBK. 

Bats. 

il 

1 

i 

< 

1 

1 

1 

1 

1 

1.  .  . 
«..  . 
«..  . 
4,.        . 

6..        . 

•..        - 

T.  .        . 

0..        . 

0.  .      . 

10,.         . 

u. . 

12..  . 
13..  . 
14..  . 
»,  .        . 

10.  .        . 

17,. 

10..        . 

».  .       . 

«..       . 

n. .     . 
a..     . 

«*..     . 
«. .     . 

«,  .      . 

a..     . 
»..     . 

10, .      . 

800 

aoo 

100 
SOD 
MO 
000 

800 
MO 

SOO 

aoo 
aoo 

000 

aoo 
aoo 
aoo 
aoo 
aoo 

•IM 

aoo 

doo 
aoo 
aoo 
aoo 

*000 

aoo 
aoo 

a2i 
ass 

208 
»4 
»1 
681 

67 
824 
271 
285 
265 
292 
665 

68 
227 
273 
278 
380 
804 
560 

70 
224 
265 
278 
260 
40fr 
678 

02 
217 
261 

0.6 
1.6 

1.0 

8.8 

2.0 

2.8 

25.1 
26.2 

24.0 

31.4 
27.8 

88.4 

.0680 
.1560 

.1680 

.1360 
.0880 

.0040 

.0210 
.0260 

.0660 

.0920 
.0300 

.OOW 

.1090 
.1820 

.9040 

.1680 
.1180 

.0120 

4.65 
5.46 

4.80 

6.60 
4.60 

4.16 
4.13 

1.5000 
1.0000 

1.4000 

2.4000 
2.0000 

3.0000 
3.0000 

.0010 
.0030 

.0060 

.0085 
.0065 

.0009 

.0008 

88  m. 

tb.8m. 
54  m. 

Ih.l7m. 

lh.61m. 

2h.8ra. 

88- 

aa* 

89* 
89* 

41* 

41* 
42- 

4r 

44* 

46- 
iV 

45* 

46- 
46- 
48- 
48* 
52- 

52- 

el- 
52- 
58- 
58- 

64* 

53- 

4r 

41* 

4r 

41- 
40* 
40- 

41- 
41* 

42" 

4r 
4r 

44* 

45* 

46* 

46- 

AV 

4r 

48* 

40* 
50* 
51* 

or 

68* 

6r 

68* 
68* 

Kffloeot  genendly  eok»rleM  Bod  BMrlj  elMr,  and  with  vwf  slight  Mdlment. 
Total  BillDeDt  to  end  of  month,  120,738  gBllons. 
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FILTRATION  OF  SEWAGE. 


FiUer  Tank  No.  1  —  Continued. 


1' 

Rksidl'k  ox 
Evaporation. 

AXJIOMA. 

1 

i 

NiTROOKK  A8 

|l 

Trxfkb- 

ATL'itK. 

Date. 

It 

1 

1 

1' 

1 

00 

?4 

i 

III 

1..       . 
«.  .       . 
8,.       . 
4..        . 

«.  .        . 

6,.        . 

T,  .        . 

8,.       . 

».  .  . 
10..  . 
11.  .  . 
12..  . 
13..  . 
14.  .  . 
]6,  .        . 

16,  .        . 

17,  .        . 

18,  .      •. 
M,  .        . 
20..        . 

21.  . 

22.  .        . 

23.  .        . 

24.  .        . 
25..        . 
2«,  .        . 
27..        . 
28,  .       . 
29,.        . 
80..       . 
81..        . 

800 
SOO 
800 
000 

800 
800 
800 
800 
800 
000 

800 
800 
300 
800 
800 

800 
300 
300 
300 
800 
300 

300 
800 
300 
800 
300 

260 
268 
286 
622 

80 
226 
264 
263 
262 
281 
613 

90 
217 
800 
295 
249 
243 

90 

48 
295 
463 
351 
202 
274 
279 

51 
271 
312 
278 
269 
257 

1.8 
2.1 

0.8 
8.2 

2.5 
1.2 

3.8 
1.0 

27.4 
26.9 

38.3 
82.2 

26.8 
82.1 

33.0 
30.2 

.0096 
.1080 

.0240 
.1040 

.0560 
.0040 

.0240 
.1280 

.0320 

.0174 
.0380 

.0100 
.0450 

.0340 
.0136 

.0500 
.0950 

.0140 

.0270 
.1460 

.0340 
.1490 

.0900 
.0176 

.0740 
.2230 

.0460 

4.25 
4.08 

4.82 
4.67 

4.76 
4.82 

4.42 
4.92 

6.01 

1 

2.6000 
1.6000 

3.0000 
1.7000 

2.0000 
2.6000 

2.5000 
1.2000 

1.8500 

.0006 
.0030 

.0008 
.0050 

.0012 
.0001 

.0014 
.0038 

.0008 

8h. 

lh.44m. 
8h.40m. 

3h. 
9h.S5m. 

2h. 
8h.46m. 

7h.lOm. 

hV 

«• 
«• 

«r 

63" 

63* 
64' 

W 
65* 
«5* 

«;• 
cr 

6-r 
66* 
63* 
82* 

W 

SO* 

(W 

43* 
53" 
53* 
W 

hV 

w 

65* 

5? 

- 

68- 
W 

«r 

60* 
61* 
65* 

«. 

er 
ey 

68* 
63* 
64* 

«• 
63* 

: 

fli* 

Efflaent  generally  oolorlesB  and  nearly  clear,  and  with  slight  aediment. 

May  18.  — Sewage  applied  yesterday  not  yet  disappeared.    May  22.  —  Orowth  of  short  grsM  ob 
surface.    28. ~ Sewage  applied  did  not  disappear  till  night. 
Toul  efflaent  to  end  of  month.  128,867  gallons. 
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FOUr  Tank  Ko.  1  —  Continnei. 


JToae,  1 

ISM. 

t 
1. 

1' 

1! 

1^ 

Rbsiditk  ow 
,  Evaporation. 

AMXoiriA. 

1 

NmtOOBH  AS 

1 

Tkmpkr- 

ATURB. 

Datr. 

1' 

1 

1 

1 

s 

S 

1 

1 

1.  .         . 

aoo 

274 

8.6 

25.4 

.1120 

.0460 

.1680 

4.80 

1.80O0 

.0060 

« 

64* 

61* 

«.  .         . 

- 

100 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

»•  .         . 

300 

238 

- 

- 

- 

- 

- 

- 

- 

- 

- 

64- 

61* 

4.  .         . 

aoo 

311 

- 

- 

- 

- 

- 

- 

- 

- 

- 

65* 

62* 

5..         . 

300 

249 

2.6 

23.6 

.0360 

.0270 

.0680 

4.80 

1.80U0 

.0008 

- 

66* 

02* 

«.  .        . 

- 

120 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

63* 

T,  .        . 

800 

208 

- 

- 

- 

- 

- 

- 

- 

- 

- 

65* 

68* 

s.  .      . 

aoo 

274 

4.8 

26.6 

.1280 

.0480 

.1760 

4.61 

1.6000 

.0034 

- 

65- 

61* 

•,  .        . 

- 

101 

- 

- 

- 

- 

- 

- 

- 

- 

- 

" 

- 

1«,  .         . 

800 

185 

- 

- 

- 

- 

- 

- 

- 

- 

- 

66* 

64* 

11..        . 

800 

281 

- 

- 

- 

- 

- 

- 

- 

- 

- 

68* 

64* 

12..         . 

- 

128 

3.6 

26.5 

.0040 

.0126 

0.166 

4.65 

2.0000 

.0008 

- 

- 

64* 

13,  .         . 

- 

00 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

66- 

14,.        . 

800 

228 

- 

- 

- 

- 

- 

- 

- 

- 

2b  .18m. 

68* 

65* 

U.  .        . 

000 

655 

8.6 

27.0 

.0026 

.0470 

.0496 

4.30 

2.0000 

.0100 

- 

W 

66' 

W,  .        . 

- 

66 

- 

- 

- 

- 

- 

- 

- 

- 

- 

" 

- 

17,  .       . 

- 

27 

- 

• 

- 

- 

- 

- 

- 

- 

- 

~ 

68* 

14,.        . 

000 

489 

- 

- 

- 

- 

- 

- 

- 

- 

lh.32m. 

69* 

ar 

W,  .       . 

600 

453 

2.8 

24.7 

.0140 

.0140 

.0280 

6.26 

1.6000 

.0002 

• 
Ih.SSm. 

70- 

68* 

».  .       . 

600 

482 

- 

- 

- 

- 

- 

- 

- 

- 

70- 

68* 

n. .     . 

- 

67 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

71* 

22.  .       . 

600 

484 

- 

- 

.0810 

.0440 

.0760 

6.07 

1.8000 

.0012 

65  m. 

71* 

68* 

o..     . 

- 

89 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

24..       . 

600 

407 

- 

- 

- 

- 

- 

- 

- 

- 

54  m. 

70* 

68* 

2&,  .       . 

600 

440 

- 

- 

- 

- 

- 

- 

- 

- 

- 

70* 

69- 

M».       . 

- 

54 

2.1 

27.6 

.0240 

.0160 

.0400 

•6.07 

2.2000 

.0002 

- 

" 

69* 

2T,  .       . 

600 

409 

- 

- 

- 

- 

- 

- 

- 

- 

68  m. 

70- 

69* 

28..       . 

260 

200 

- 

- 

- 

- 

- 

- 

- 

1 

- 

- 

70* 

».  .       . 

260 

325 

2.6 

28.1 

.0030 

.0164 

.0104 

6.97 

2.3000 

.0000 

81m. 

72* 

69* 

»,.       . 

- 

43 

- 

- 

- 

- 

- 

- 

- 

■  1 

- 

- 

- 

Sfflaent  gvnerallf  clear  and  colorless,  and  nearly  free  from  sediment. 

Sewage  applied  the  day  before  bad  not  disappeared  on  the  roomings  of  June  5,  6,  7.  8. 11  and  12. 
Jane  15.  —  First  300  gallons  applied  disappeared  in  87  minutes.    Juno  29.  ~  Grass  out  from  surface. 
Total  efflaent  to  end  of  month.  186.161  gallons. 
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FILTRATION  OF  SEWAGE. 


FlUer  Tank  Xo.  1  —  Continned. 

JTaly,  ISM. 


1 

9    . 

Si 

RSSIDUB  OH 
EVArOEATIOM. 

AMKOiriA. 

i 

NITBOOBX  AB 

'  1 

H 

Tkvpkb- 

ATCKK. 

Dati. 

1^ 

1 

i 

i^ 

1 

s 

S 

1 

J 

1..       . 
%.       . 
8,.       . 
4..       . 
5,.       . 
«.  .       . 

».  .        . 
10..        . 

11,  .        . 

12,  .       . 
18,  .        . 
14,.        . 
1»,  .        . 
l^.        . 

17,  .        . 

18,  .        . 
19,.        . 
JO..        . 

ai. .      . 

»,  .        . 
28,  .        . 
24,.        . 
26,.        . 
26,.        . 
2T,  .       . 
28..       . 
».  .       . 
»,  .       . 
81..        . 

600 
800 

800 

600 

600 
600 

600 

600 

600 
600 

600 

600 

800 
600 

600 

600 

600 
600 

604 

66 
402 

46 
806 

42 
412 
460 

64 
413 

66 
417 

40 
400 
480 

61 
447 

765 

40 
406 
510 

68 
404 

57 
629 

60 
469 
493 

44 

2.8 
8.0 

2.0 
8.1 

2.8 
2.0 

2.0 

_ 
2.9 

8.2 

81.1 
29.2 

26.3 
82.8 

27.5 
28.6 

19.4 
28.4 

28.0 

.0048 
.0184 

.0088 
.0128 

.0082 
.0032 

.0026 
.0068 

.0024 

.0194 
.0860 

.0138 
.0280 

.0130 
.0186 

.0120 
.0214 

.0130 

.0242 
.0404 

.0176 
.0108 

.0162 
.0168 

.0146 
.0282 

.0164 

7.63 
6.72 

6.20 
8.42 

6.87 
5.79 

3.67 
4.87 

4.10 

2.1000 
2.1000 

1.7000 
2.0000 

1.8000 
1.8000 

1.8000 
1.6000 

1.6000 

.0000 
.0008 

.0001 
.0008 

.0001 
.0000 

.0002 
.0002 

.0002 

66  m. 

67  m. 

49  m. 
64  m. 

62  m. 

66  m. 

63  m. 
63  m. 

lb. 

71* 
72- 

74* 

TT 

73* 

7r 

78- 

7r 

72* 
71* 

rr 

72- 
72* 

7r 

68- 
70* 

7r 

1  - 

1 

vr 

TV 

IV 

TV 

TV 

«• 

71- 
71* 

«r 
«y 
«• 
«r 
w 

08* 

w 

TO* 
TOT 
TI- 
TO' 

70* 
TO* 
Tl" 

SflSaeDt  colorleM,  very  slightly  tarbid,  ooeaslooally  milky  and  generally  with  very  alight  aedlment. 
Oatlet  of  uok  cloied  July  1, 2.82  p.m.,  to  July  2, 10  6  a-x.;  July  6. 1142  a.x.,  to  July  6, 11.40  a-m.; 
July  81, 4.83  P.M.,  to  August  1, 1  p.m. 

ToUl  efflaent  to  end  of  moDth,  146,261  gailoDs. 
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FOter  Tank  No.  1  —  Continued. 
ism. 


u 

a  9 
or 

BxaiDUB  ON  1 

EVAPOIUTION. 

ASfMOBIA. 

, 

KITBOOBK  Ai 

1 

Tbmpxs- 

ATUEB. 

Datb. 

§1 

1 

i 

1^ 

< 

1 

j 

1 

1 

1 

1,.        - 

«..        . 

a..      . 

4,.       . 
5..        . 
%•        . 
7..        . 
8..        . 
9..        . 
10,.        . 
11..        . 
12,.        . 
0,.        . 
w, .      . 
u..     . 
la. .     . 

IT..       . 
18..        . 

w. .      . 
2D..       . 

21,.       . 

a..     . 
«..     . 

M..       . 

a.. 

«..     . 
«. .     . 
»..     . 
»,.     . 
«,.     . 

«!..       . 

500 

600 

6O0 
600 

600 

600 

600 
600 

500 

600 

600 
600 

600 

600 

600 
600 

600 

600 

034 

64 
450 

62 
486 
447 
104 
406 

61 
420 

47 
419 
467 
102  ' 
606 

49  ' 
427 

46 
412  ' 
470 

44 
481 

47 
870 

10 
604 
477 

65 
400 

40 
420 

2.8 

1.5 

25.8 
84.4 

.0140 

.0012 
.0000 

.0106 
.0002 
.0024 

.0014 

.0380 

.0128 
.0182 

.0244 
.0158 
.0122 

.0198 

.0370 

.0140 
.0102 

.0660 
.0100 
.0140 

".0212 

6.21 

4.79 

4.47 

4.64 
4.66 

7.02 

8.00 

9.0000 

2.0000 

* 

2.»00 

1.9000 
2.8000 
2.1600 

1.6000 

.0010 

.0000 

.0000 

.0008 
.0002 

.0000 

.0001 

69  m. 

47  m. 

48  nu 
64  m. 

61  B. 

62  m. 
61  m. 

68  m. 

72- 

72- 

71* 
71- 

ir 

71* 

70* 
71* 

08* 

08» 

70- 

70* 

IV 

70* 
71* 

70* 

72* 

70- 
72- 
70- 

70- 
7(r 
70* 
70* 
71- 
71* 

70* 
70* 
09» 

08* 
70* 
09* 

08» 
07- 
08* 

00* 

70* 
70« 

70* 
09« 
09* 
00- 
70« 
00* 

BfQaent  colorleas,  generally  dear  or  nearly  to,  and  with  very  slight  or  no  sediment. 

Ootlet  of  tank  closed  Aaga8t2,  7p.ii.,  toAngnstS,  12.8p.ii.;  AagaBt0,8.40p.]c.,  to  Angust  7,  Ip.m.; 
Aagast  14. 8.48  p.ii.,  to  Aagnst  16. 11.80  A.M.;  Aagnat  21, 8.45  P.M..  to  Aagnst  22, 11.8  a.m.;  Angnst  24, 
^li?.]C.,  to  Aagust  28, 10  a.x. 

Aogast  0.— Orasa  cut  from  snrfaoe.  Augnst  27  and  29.  —  Bacillas  prodlgioins  applied.  Aagust  28 
>ad30.— Under-dralns  washed  oat  twice  each  day  by  forcing  in  elBaent  of  Tank  No.  8. 

Total  effluent  to  end  of  month,  154,130  gallons.  ^-^  j 
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FILTRATION  OF  SEWAGE. 


Filler  Tank  No.  i  —  Continued. 


1 

p 

or 

1  Rbsiduxok 

EVAPOHATIOK. 

Ammonia. 

6 

NlTROOBK  A8 

•fa 

Tkmpki. 

ATCBt, 

Date. 

!=■ 

i 

1^ 

1 

i 

S 

1 

1..       . 

2,  .       . 

3,.        . 

4..        . 

6,.       . 

e. .       . 

7,.       . 

8..       . 

0..  . 
10..  . 
11..  . 
12,  .  . 
18.  .  . 
14,  .  . 
16.  .  . 
W.  .  . 
17..  . 
18,.  . 
19..  . 
20..  . 
21..       . 

22,  .       . 

23,  .        . 

24,  .        . 

25,  .        . 

2e, .      . 

27,  .        . 

28,  .        . 

29,  .        . 
80,.        . 

600 
600 

600 

600 

600 
600 

600 

600 

600 
600 

800 

600 

600 
600 

600 

600 

600 

42 
412 
461 

00 
426 

87 
432 

46 
421 
470 

60 
414 

64 
610 

60 
446 
490 

60 
763 

71 
468 

60 
423 
476 

60 
436 

67 
430 

60 
427 

8.8 
4.0 

27.2 
28.7 

.0044 

.1180 
.0060 

.0620 

.0210 

.0216 

.0670 
.0470 

.0800 

.0170 

.0260 

.1860 
.1480 

.0820 

.0380 

4.82 

4.63 
4.14 

2.90 

4.42 

2.6000 

1.6000 
1.8000 

.8800 

1.2000 

.0002 

.0014 
.0014 

.0020 

.0018 

Ih. 
Ih.Sm. 

62  m. 

71* 
71- 

7r 

72* 

72- 

71- 

er 

67- 

68* 
70- 

68* 

67* 

er 

62* 
88* 

68- 

er 

71' 

or 

68' 
68* 

"• 

! 

as* 

67* 
88" 

85' 

: 

85* 
88* 

Effluent  ^eoerelly  colorleu,  slightly  turbid  at  first,  iaoreaslng  to  decidedly  tarbld,  owing  to  raiD,ud 
with  slight  or  no  sediment. 

Beptember  19.  — Some  effluent  lost. 

ToUl  effluent  to  end  of  month,  162.724  gallons. 
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t 

tl 

II 

ReaiDDB  ov 

EVAI*ORATIOII. 

AvwomA. 

1 

NiTBOOSir  A8 

Is 

Tbmpkk- 

ATUKB. 

Datb. 

'! 

!* 

1 

1 

1 

1 

ss 

1 

i 

1 

60- 

69* 

67* 

66" 
66* 

62* 

60- 

49- 
49- 

49" 

49- 

61- 
49* 

48* 

48* 

49* 
49- 

48* 

«: 

1..         . 
2.. 

3..        . 
4..         . 
5..         . 
«..         . 

8,  . 

».  .        . 
W,  .        . 
11,  . 

12,.        . 
18,.        . 
W,  . 

15..        . 
16,.        . 
17.  .        . 
IS,.        . 

w..      . 

»..        . 

a..     . 
a,.     . 

23..       . 

». .     . 

K, .     . 
»..     . 
». .     . 

31,.       . 

600 

900 

MO 

600 
900 

900 

600 

600 
600 

600 

600 

600 

600 

600 

'6(ft 

600 
600 

600 

629 
M 

426 
68 

426 

63 

681 

484 

74 
414 

01 
422 
132 
472 
466 

71 
388 

67 
410 

67 
437 
400 

71 
420 

08 
418 

60 
429 
941 
147 
860 

_ 

- 

.0046 
.0260 
.0060 
.0282 
.8040 

.0214 
.0248 
.0106 
.0182 
.0660 

.0260 
.0606 
.1166 
.0464 
.8600 

4.61 
4.30 
4.49 
4.36 
4.61 

1.6000 
1.6000 
1.6000 
2.3000 
.0200 

.0004 
.0012 
.0026 
.0016 
.0050 

2h.22m. 
6h.lliii. 

62* 
61- 

6r 

61- 
60* 

60* 
69* 
69* 
68* 
68* 
68* 

66* 
65« 
64- 
66- 
66« 
64* 

64- 
68* 
62* 
63* 
62* 
62* 

61* 
61- 
61 
61* 

SfflaeDt  eolorlera  ftnd  geoerally  very  nearly  clear,  and  free  from  sediment. 
October  0.  —  Some  efBaent  loet.    October  11.  —  Trap  pal  on  outlet  pipe  at  3  p.m. 
Total  eflBaent  to  end  of  mouth,  171,798  gallona. 
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FILTRATION  OF  SEWAGE. 


SERIES  OF  CHEMICAL  AND  BIOLOGICAL  EXAMINATIONS  OF 
EFFLUENT  OF  TANK  No.  1. 


TlMB  OF 
COLLKCTION. 

1      BK8IDUE 

OH  EVAFO- 
1       RATION. 

Akmohia. 

1 

NlTBOOKX  AS 

ill 

1^ 

1 

Day. 

1 

1 

1 

I'i 

i 

1 

1 

a 

9 

1 

< 

1SS9. 

Mar.  15, 

8.66 

1.4 

23.0 

.0020 

.0120 

.1040 

8.C0 

i.aooo 

.OOM 

- 

- 

- 

15. 

11.38 

1.6 

22.1 

.1000 

.0220 

.1820 

3.70 

1.1000 

.0008 

- 

- 

- 

15. 

12.7 

1.8 

22.3 

.1400 

.0200 

.1000 

3.57 

1.1000 

.0016 

- 

- 

- 

15, 

3.45 

0.0 

22.8 

.1820 

.0210 

.1630 

3.63 

1.2000 

.0007 

- 

- 

- 

15, 

7.0 

1.0 

22.9 

.1120 

.0170 

.1290 

3.62 

1.8000 

.0008 

- 

- 

- 

16, 

11.80 

8.0 

24.1 

'  .1300 

•0700 

.2150 

8.71 

1.4000 

.0060 

- 

- 

- 

March  15.— 300  gallone  lewage  applied  from  10.30  to  11.1. 


April  5, 

9.50 

0.8 

80.2 

.0280 

.0120 

.0400 

7.00 

1.4000 

.0004 

- 

208 

- 

6, 

10.55 

0.6 

27.2 

.1400 

.0200 

.1«)0 

7.16 

.9000 

.0018 

- 

3160 

- 

5, 

11.17 

0.0 

28.2 

.1440 

.0170 

.1610 

7.30 

1.0000 

.0014 

- 

8800 

- 

6. 

1.40 

1.3 

27.8 

.0800 

.0140 

.0940 

7.01 

1.2000 

.0006 

- 

1640 

- 

5, 

4.40 

1.3 

28.1 

.0560 

.0110 

.0670 

6.71 

1.3600 

.0004 

- 

820 

- 

6, 

9.15 

1.7 

28.4 

.0280 

.0120 

.0400 

6.^ 

1.4000 

.0003 

- 

216 

- 

6, 

11.48 

1.6 

26.2 

.1660 

.0260 

.1820 

6.46; 

1.0000 

.0020 

- 

3560 

- 

April  5. »  300  gallons  sewage  applied  from  9.62  to  10.16.  April  6—800  gallons  applied  from  10.36  to  10.58. 


AprillO, 
10, 


I 


0.35 
10.51 


0.6 
1.0 


28.1 
24.9 


.0240 
.1680 


.0190 
.0360 


.0430 
.2010 


4.56 
4.30 


1.9000 
1.4000 


.0008 
.0060 


300  gallons  sewage  applied  from  9.47  to  10.10. 


April  12, 

9.50 

0.5 

30.9 

.0160 

.0160 

.0320 

4.55 

2.0000 

.•-003 

67 

228 

.047 

12, 

11.35 

1.6 

26.7 

.1440 

.0290 

.1730 

4.53 

1.6500 

.0030 

25,800 

2960 

.053 

32, 

12.00 

2.3 

28.6 

.0880 

.0220 

.1100 

4.50 

1.8000 

.0020 

16»100 

8040 

.051 

12. 

12.26 

1.2 

28.8 

.0800 

.0230 

.1030 

4.51 

1.9000 

.0016 

11,300 

2840 

.047 

12. 

1.46 

1.8 

28.9 

.0480 

.0160 

.0640 

4.46 

1.9000 

.0010 

4,651 

1840 

.045 

12. 

6.00 

1.6 

29.3 

.0360 

.0160 

.0510 

4.46 

2.0000 

.0006 

675 

030 

.045 

12. 

9.00 

0.8 

29.6 

.0200 

.0100 

.0300 

4.61 

2.1000 

.0004 

108 

660 

.044 

800  gallons  sewage  applied  from  10.2  to  10.26. 
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Series  of  Chemical 

and  Biological  Examinations  of  Effluent  of 

Tank  No.  1- 

-Con. 

TlVK  OF 
COLLSCTIOV. 

RBtmuB 

OK  EVAPO- 
1       BATIOX. 

AxMoiru. 

^ 

KtTSUOKM  AS 

III 

1' 

^ 

Day. 

1 

1 

1 

< 

1 

1 

i 

? 

•< 

1M9. 

Apr.  2«, 

9.55 

2.3 

33.8 

.0160 

.0130 

.0290 

4.15 

8.5000 

.0004 

so 

240 

,04fi 

M, 

11. 

4.6 

24.8 

.8080 

.0570 

.8650 

4.16 

1.7000 

.0060 

33,m>0 

l.eiu 

*oe7 

26, 

11.15 

8.0 

24.4 

.8920 

.0600 

.4610 

4.18 

1.5500 

.0050 

Ifl.850 

3,Taa 

.070 

26, 

12. 

2.8 

28.4 

.1400 

.0820 

.1720 

4.15 

2.6000 

.0015 

i,wn 

2,ai>o 

.047 

26, 

4.1 

3.4 

81.6 

.0360 

.0150 

.0510 

4.13 

2.6000 

.0005 

bm 

:,tim 

.040 

J6, 

0. 

2.0 

32.3 

.0120 

.0100 

.0220 

4.16 

2.9000 

.0003 

^3S 

^w 

.036 

X7, 

10.80 

2.8 

83.4 

.0040 

.0080 

.0120 

4.13 

8.0000 

.0003 

$5 

5E» 

.m 

April  20.  —  Three  hundred  gallons  sewage  applied  from  0.50  to  10.21. 


June  25, 

10.10 

1.0 

27.0 

.0820 

.0180 

.0500 

5.75 

1.7000 

.0000 

530 

144 

25, 

12.2 

2.8 

27.2 

.0520 

.0430 

.0950 

5.77 

1.7000 

.0012 

18,166 

7.800 

- 

25, 

12.11 

2.7 

27.1 

.0560 

.0470 

.1030 

5.77 

1.9000 

.0018 

10,180 

11,400 

- 

25. 

2.87 

2.2 

27.0 

.0520 

.0300 

.0820 

6.85 

2.1000 

.0010 

1^272 

2.840 

- 

25, 

5.80 

- 

- 

- 

- 

- 

- 

- 

- 

6,148 

1.020 

- 

26. 

10.10 

2.1 

27.6 

.0240 

.0160 

.0400 

6.07 

2.2000 

.0002 

- 

- 

. 

26. 

2.5 

- 

- 

- 

- 

- 

- 

- 

- 

7,772 

156 

- 

26. 

8.50 

2.0 

27.8 

.0320 

.0210 

.0530 

5.87 

2.2000 

.0002 

1,860 

132 

- 

Jane  25.  —  Five  hundred  gallons  applied  from  11 .11  to  11 .57.    Jane  26. —None  applied. . 


July  29. 

10.18 

2.0 

26.1 

.0048 

.0122 

.0170 

4.80 

1.6000 

.0007 

2,680 

4.080 

„ 

29. 

10.20 

2.1 

26.3 

.0012 

.0110 

.0122 

4.57 

1.5000 

.0008 

1.419 

3,900 

- 

29. 

10.45 

2.4 

25.1 

.0034 

.0138 

.0172 

4.54 

1.5000 

.0006 

2,400 

1.100 

- 

Samples  from  flow  of  water  held  back  in  onderdrains. 


'^Qg.  1.      9.56 

4.0 

23.4 

•.0026 

.0118 

.0144 

4.20 

1.6000 

.0006 

24 

l.OlO 

„ 

1,    11.17 

8.4 

24.3 

.0024 

.0116 

.0140 

4.18 

1.8000 

.0003 

10 

850 

- 

1,    12.55 

8.8 

22.8 

.0010 

.0110 

.0120 

4.20 

1.7000 

.0002 

12 

780 

- 

Samples  from  flow  of  water  held  back  in  niderd rains. 


Aug.  8, 

10.24 

1.6 

25.6 

.0080 

.0158 

.0238 

4.02 

2.0000 

.0006 

14 

260 

_ 

8. 

11.8 

1.8 

25.8 

.0018 

.0116 

.0134 

3.87 

1.8000 

.0003 

22 

1,480 

- 

8. 

12.8 

1.4 

25.1 

.0050 

.0116 

.0166 

8.90 

1.6000 

.0003 

14 

150 

- 

Samples  from  flow  of  water  held  back  in  underdrains. 
Microscopical  examination  of  200  cubic  centimeters:— 


Aug.  8. 
8. 


10.24 

11.3 

12.8 


Water  discolored  by  small,  brown  gelatinous  i 

No  organisms. 

Crenothriz.  1.    Leptothrix,  1.    Anguillula,  2.    Brown  masses^ 
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Series  of  Chemicci  and  Biological  Examinalions 

of  Effluent  of 

Tank  No,  1' 

-Cott- 

TtMB  or  Collection. 

Rksiddb 

ON  £VAPO- 
RATIOV. 

Amhohia. 

j 

KXTBOOBN  AS 

III 

ll 

DAT. 

1 

11 

1 

1 

i| 

1 

i 

1 

is 

188». 

Aug.  7.      .       . 

10.16 

27.6 

.0022 

.0152 

.0174 

5.02 

2.0000 

.0002 

118 

830 

7,      . 

10.33 

28.1 

.0024 

.0136 

.0160 

4.04 

2.4000 

.0000 

61 

7eo 

7,      • 

10.50 

28.6 

.0032 

.0154 

.0186 

4.04' 

2.4000 

.0000 

63 

720 

7,      . 

11.10 

28.2 

.0016 

.0122 

.0138 

4.02 

2.4000 

.0000 

66 

700 

7,      .       . 

12.50 

27.3 

.0012 

.0116 

.0128 

5.00 

2.2000 

.0000 

19 

480 

Samples  from  flow  of  water  held  back  In  uoderdralDs. 
Mlcroflcopical  examination  of  200  c.c.  ahowed  no  organisma  except  a  few  fragments  of  Crenothrlx. 


Ang.l2.     .       . 

10.5 

1.3 

26.5 

.0018 

.0090 

.0108 

5.06 

2.0000 

.0002 

148 

76 

12.     .        . 

10.52 

8.8 

26.7 

.0004 

.0146 

.0150  1 

5.02 

2.2000 

.0002 

- 

800 

12,     .       . 

10.58 

- 

- 

- 

- 

- 

- 

- 

- 

7,992 

1,500 

12,     .       . 

11.7 

4.5 

24.1 

.0354 

.0340 

.0604 

4.84 

2.8000 

.0007 

18,832 

9,eoo 

12.     •        . 

11.25 

8.4 

25.0 

.0308 

.0280 

.0588 

4.82 

2.4000 

.0007 

7,438 

15.000 

12,     .        . 

1.40 

2.9 

26.5 

.0120 

.0234 

.0854 

4.82 

2.8000 

.0004 

4,064 

2,080 

Samples  from  flow  of  water  held  back  in  anderdrains.    Five  hundred  gallons  sewage  applied  from 
10.11  to  10.57. 


Microsoopical  examination  of  200  c.c 

.:- 

Aug.  12,     .       . 

10.5 

Trachelomonas,  1.    Fungus  Hypha 

1. 

12,     .       . 

10.62 

Crenothrix,7.    Angulllula,  1.    Infusoria,  2  (dead) . 

12,     .       . 

11.7 

Asterionella,  8  (alive  and  healthy). 

Zoaglosa,  4. 

12,     .       . 

11.25 

Yeast  groups,  3.    Fungus  spores,  2 

Aug.  15,     .        . 

11.10 

_ 

„ 

.0045 

.0114 

.0159 

4.77 

2.7000 

.0004 

11 

97 

15,     .       . 

11.20 

- 

- 

.0016 

.0126 

.0142 

4.79 

2.7000 

.0004 

58 

1.780 

15,     .        . 

11.27 

- 

- 

.0014 

.0116 

.0130 

4.79 

2.7000 

.0001 

28 

5,500 

15,     .        . 

11.31 

- 

- 

.0006 

.0118 

.0124 

4.82 

2.6000 

.0001 

84 

76,000 

15,     .        . 

11.33 

- 

- 

.0010 

.0112 

.0122 

4.82 

2.4000 

.0003 

42 

25,000 

15,     .        . 

11.46 

- 

- 

.0010 

.0124 

.0134 

4.82 

2.3000 

.0003 

117 

1,800 

15,     .        . 

12.58 

- 

- 

.0044 

.0182 

.0226 

4.U 

2.2000 

.0002 

2,604 

15,200 

15,     .        . 

1.22 

. 

- 

.0038 

.0168 

.0206 

4.62 

2.8000 

.0002 

726 

10,000 

15,     .        . 

3.2 

- 

ilfti 

.0026 

.0148 

.0174 

4.52 

2.3000 

.0002 

1,568 

2,900 

Samples  from  flow  of  water  held  back  in  nnderdrains  up  to  and  including  11.33,  then  from  increased 
flow  due  to  application  of  500  gallons  sewage  from  11.88  to  12.24. 

Microsoopical  examination  of  200  c.c. :  — 


Aug.  15,     . 

10.50 

A  few  masses  of  rust  and  debris. 

16, 

11.20 

No  organisms. 

15. 

11.27 

No  organisms. 

w. 

11.31 

Angulllula,  2.    Euplotes  (?)  2.    Much  sediment. 

16. 

11.33 

Angulllula,  1.    ZodgloBa,  1.    Little  sediment. 

16. 

11.46 

No  organisms. 

16, 

12.42 

No  organisms.    Rate,  12,840  c.c. 

15, 

1. 

Chloroooccus,  50.    Rate,  13,000  c.c. 

15. 

3.2 

Tabellaria,  5.    Bpirostomum,  1. 
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Series  of  ChemuxU  and  BiolofficcU  Examinat 

ionsq 

f  affluent  of 

Tank  No.  1  — 

Con. 

Tm  B  OP 

COUSCTIOV. 

Rbsidcb  on 

EVAPOBATION. 

Ammoxxa. 

1 

NiTSOOSK  A8 

i 

o^ 

DAT. 

1 

1 

1 

i^ 

1 

i 

i 
1 

1 

1S8». 

Aug.  22,. 

10. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

.000 

22.. 

10  .ao 

- 

- 

.0028 

.0104 

.0132 

4.61 

2.4000 

.0003 

228 

800 

.273 

22,. 

10.45 

- 

- 

.0008 

.0008 

.0106 

4.74 

2.1000 

.0000 

123 

1,000 

.397 

22.. 

10.5ft 

- 

- 

.0012 

.0100 

.0112 

4.70 

2.0000 

.0000 

600 

8.000 

.425 

22.. 

11.8 

- 

- 

.0020 

.0106 

.0132 

4.72 

1.7000 

.0004 

508 

250 

.550 

22,. 

U.58 

- 

- 

.0008 

.0190 

•0106 

4.62 

1.8000 

.0000 

1.802 

4.600 

.687 

22.. 

12.8 

- 

- 

.0018 

.0186 

.0204 

4.65 

1.6000 

.0000 

0.500 

7.980 

.640 

22.. 

12.20 

- 

- 

.0040 

.0206 

.0252 

4.67 

1.8000 

.0000 

14.058 

13,000 

.716 

22,. 

12.40 

- 

"        1 

.0048 

.0228 

.0276 

4.02 

2.0000 

.0001 

8.000 

9,100 

.674 

22.. 

1.34 

- 

.0026 

.0106 

.0222 

4.66 

2.1000 

.0001 

8.184 

4,440 

- 

22.. 

3.31 

- 

- 

.0014 

.0166 

.0180 

4.65 

2.3000 

.0000 

9.750 

1,600 

.820 

Bamples  from  water  held  Imck  in  uDderdraloe  ap  to  and  inclading  11.3,  then  from  iDcreased  flow 
dae  to  application  of  500  gallone  of  lewage  from  11.11  to  11.50.  Temperature  of  efBuent  at  the  begin- 
ning.  21*  C;  at  12.20  and  3.31,  20.6*  C. 

IClcroacopleal  examination  of  200  c.o. :  — 


Ang.22,. 

10.30 

No  organism!. 

Much  nut. 

22,. 

10.45 

No  organiame 

Less  rast. 

22.. 

10.55 

Angnillnla,  1. 

Infusoria,  1.    Spores,  1.    Synedra,  1  (dead).    Teast,  1. 

22,. 

11.8 

Angnlllnla.  2. 

Leptothriz,  1.    Spores,  1. 

22.. 

11.68 

AnguUlnla,  4. 

Spores.  2. 

22,. 

12.3 

AngullluU.  6. 

Leptothriz.  2.    Spores,  2. 

22,. 

12.20 

Angalllula.  8. 

Infusoria,  1  (dead).    Spores.  3. 

22.. 

12.40 

Angulllnla.  1. 

Infusoria,  2.    Leptothriz,  1.    Traehelomonas,  1.    Spores,  1. 

22.. 

1.34 

Leptothriz,  2. 

Spores.  2. 

22,. 

3.31 

Spores.  2. 

Digitized  by 


Google 


88 


FILTRATION  OF  SEWAGE. 


EESULTS  OF  CHEMICAL  ANALYSES  OF  SEWAGE, 

PUMPED   FROM  THE  MAm  SEWER  OF  THE  CrTY  OF  LAWRENCE 

FROM  DECEMBER,  1887,  TO  OCTOBER,  1889,  AND  APPLIED  TO  THE 

FILTER   TANKS    OF    THE   EXPERIMENT    STATION  OF   THE 

STATE  BOARD  OF  HEALTH;  FOLLOWED  BY  TABLES  OF 

ANALYSES  OF  THE  SAME  SEWAGE  AFTER  PASSING 

THROUGH  FILTER  PAPER  IN  THE  LABORATORY. 


I»e«enaber«  1M7. 


RB8IDDB  OK 
EVAPOBATIOK. 

Ammonia. 

i 

XlTBOOKH 
AS 

a 

n 

p 

III 

DATS. 

§1 
1^ 

1 

1 

i^ 

1 

s 

1 

19,  .          .          . 

20,  .        .        . 

21,  .        .        . 

22,  .        .        . 
28,        .        .        . 
24.        .        .        . 
26,        .        .        . 

26.  .       .       . 

27.  .       .       . 

28.  .       .       . 
2».        .       .        . 

80.  .       .       . 

81,  .        .       . 

6.40 

41.05 
7.56 

12.60 
27.80 

17.95 

21.70 
15.56 

19.60 
28.40 

.0280 

1.3120 
.3000 

.8800 
2.1400 

.2450 

.4100 
.3200 

.8900 
.8100 

1.1730 

1.7220 
.6200 

1.2700 
2.0500 

8.48 

8.68 
2.41 

2.98 
4.14 

.0020 

.0100 
.0050 

.0070 
.0050 

.0000 

.0000 
.0000 

.0000 
.0000 

- 

- 

1.1780 

1.4475 
1.1717 

1.1063 
1.6405 
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Mmmmmrj^  IMS. 

AlfHolrjA. 

1 

1 

1 

III 

D4t«. 

H 

l^ 

t 

1 

< 

1 

1 

i 

1»    .    . 

2.      .       . 
«»      .       . 
4,      . 
6.      . 
•,      . 
T.      . 

8,  . 

9.  . 

10.  . 

11,  . 
M.      . 

w,    . 

14.      .       , 
15»      . 

16,  . 

17,  . 

18,  . 

w,    . 

20.      . 

a,    . 

24.      . 
28.      . 
28,      . 

27.  . 

28.  . 

29.  . 
».      . 
81,      . 

10.0 

6.0 

20.8 

48.0 

18.2 

ii8.4 
44.4 

41.4 
181.8 

75.0 

27.0 

05.0 
7.2 

7.0 

8.0 

15.8 

17.2 
19.8 
24.0 

48.0 

18.2 

25.2 
27.2 

20.8 
40.4 

ao.o 

10.0 

27.0 
11.2 

18.8 

11.0 

18.2 

1.1100 

.9800 

1.8200 

1.5800 

2.0400 

1.0000 
1.5700 

1.8800 
1.3000 

.7300 

1.2800 

.0700 
.8200 

.5200 

1.7000 

.5900 

.6800 
.1800 
.0800 

.8300 

.4700 

.0800 
.7800 

.8400 
1.2700 

1.0400 

.5700 

1.2100 
.1000 

.2200 

.2000 

.4500 

1.0400 
1.1100 
1.0600 

2.8000 

2.5100 

2.2000 
2.8500 

2.2200 
2.0300 

1.7700 

1.8500 

1.8800 
.0800 

.7400 

1.0000 

1.0400 

i 

2.60 

2.22 

8.40 

2.04 

8.48 

8.18 
8.08 

2.02 
2.82 

2.08 

2.11 

1.01 
1.88 

1.07 

1.04 

1.61 

.0060 
.0050 
.0060 

.0000 

.0080 

.0060 
.0080 

.0080 
.0060 

.0020 

.0030 

.0120 
.0100 

.0080 

.0000 

.0180 

.0200 
Present 
PreMOt. 

PreseDt. 

Preaent 

.0000 
.0000 

.0200 
Present. 

.0000 

Present. 

Present. 
Preaent. 

Present. 

.0000 

.0100 

47' 
40* 

0.40 
0.64 

1.6200 
1.7426 
1.0126 

1.7650 

1.0825 

2.2776 
2.3776 

2.3426 
2.3726 

2.2426 

2.1176 

2.0826 
1.6200 

1.3026 

1.3076 

1.1876 

JsDnary  21.  — Sewage  pipe  clogged  bo  that  pampa  would  not  work.    Screen  in  sewer  cleaned. 
January  28.— Screen  again  cleaned. 
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UnfiUered  Sewage  —  Continued. 


' 

Rbsidujc  o» 

EVAPOBATIOM. 

AxxoariA. 

1 

NXTROOBV 
AS 

1' 

1 

III 

DATS. 

1^ 

1 

i 

1 

1 

S 

1..       . 

2.       • 
8,       . 

6.       , 

66.2 

28.8 

.6600 

2.1400 

2.8000 

1.61 

.0060 

.0010 

- 

- 

1.6425 

9.2 

12.6 

.8000 

.8300 

1.1300 

1.68 

.0070 

.0010 

42" 

0.68 

1.7400 

16.6 

14.2 

.7900 

.8900 

1.1800 

2.02 

.0070 

.0000 

- 

-. 

1.6376 

«. 

T 

- 

- 

- 

~ 

- 

- 

- 

- 

- 

- 

7. 

26.8 

26.2 

- 

- 

- 

- 

- 

- 

- 

- 

8. 

17.4 

10.2 

1.2600 

.8100 

1.6700 

2.96 

.0060 

.0000 

- 

- 

1.6700 

». 

- 

- 

- 

- 

- 

- 

- 

- 

44' 

0.68 

- 

10. 

14.0 

6.0 

.8600 

.2200 

.6700 

1.40 

.0000 

- 

- 

-. 

1.1126 

11. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

12, 

86.6 

17.0 

.8400 

.7600 

1.6000 

2.78 

- 

Present. 

- 

- 

1.2300 

18. 

- 

- 

- 

- 

- 

- 

- 

- 

44* 

0.66 

- 

14. 

80.6 

6.0 

.6100 

.3200 

.9300 

2.14 

.0060 

PreMnt. 

- 

- 

1.1675 

15» 

29.0 

20.6 

1.7300 

.5000 

2.2300 

6.04 

.0060 

Present. 

- 

- 

1.3325 

1«, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

IT, 

12.0 

11-6 

1.0400 

.3600 

1.4000 

2.12 

.0080 

PreBsnt. 

42* 

0.48 

1.6400 

18. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

M. 

- 

- 

- 

- 

• 

- 

- 

- 

- 

- 

- 

20, 

21.2 

16.0 

2.2800 

.6200 

2.8000 

4.00 

.0080 

PreMOt. 

44- 

0.60 

1.8400 

21. 

23.6 

18.4 

2.1600 

.6900 

2.7400 

4.10 

.0060 

.0000 

- 

- 

2.2926 

22. 

18.2 

0.8 

.6900 

.2800 

.9700 

2.04 

.0060 

Present. 

- 

- 

1.9775 

28, 

12.6 

10.0 

.3300 

.2500 

.6800 

1.42 

.0080 

.0000 

36* 

0.02 

1.7726 

24, 

14.8 

16.0 

.8100 

.8400 

1.1500 

2.70 

.0050 

.0000 

- 

1.3600 

26, 

8.6 

11.4 

.6300 

.1400 

.6700 

2.19 

.0050 

.0000 

- 

.8426 

26. 

27.2 

28.4 

1.0000 

.7600 

1.7600 

2.72 

.0080 

.0000 

- 

- 

1.0376 

27. 

21.6 

17.2 

.7600 

.3600 

1.1100 

2.04 

.0050 

.0000 

39' 

0.83 

1.1700 

28. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

29, 

30.2 

28.8 

.6600 

.7500 

1.4000 

2.08 

.0050 

.0000 

- 

- 

1.2325 

29, 

9.2 

16.6 

.8500 

.1600 

1.0000 

2.80 

.0070 

.0000 

- 

- 

1.3150 

End  of  sewage  pipe  and  screen  in  Lawreace  Street  sewer  cleaned  as  follows  :•>  February  3.  9. 13, 17, 
20,  23  and  27. 
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UnJiUertd  Sewage  —  Continaed. 


HMWh,  18M. 

EVAfORATIOK. 

1 
AimoNiA. 

1 

VinooBH 

▲8 

1* 

1 

1 

DATS. 

i 

1 

t 

jl 

1 

1 

9a 

1.        . 

T.4 

18.6 

.2500 

.4000 

.6600 

2.20 

.0060 

.0020 

42" 

0.54 

1.0400 

». 

- 

- 

- 

- 

- 

• 

- 

- 

- 

• 

- 

4.      . 

19.0 

22.0 

.6400 

.5200 

1.1600 

2.80 

.0080 

.0000 

- 

- 

1.0525 

5,      . 

14.6 

10.2 

.8600 

.8800 

1.2400 

2.88 

.0060 

.0000 

4r 

0.56 

1.0125 

«.      . 

11.6 

14.8 

.2100 

.2000 

.4700 

1.96 

.0080 

.0000 

- 

- 

.8800 

8. 

18.2 

16.4 

.2900 

.6000 

.8000 

1.56 

.0070 

.0057 

- 

' 

.0400 

17.2 

17.6 

.2000 

.4300 

.6300 

1.80 

.0050 

.0222 

sr 

0.72 

.8075 

10. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

-» 

- 

11, 

5.8 

13.0 

.8700 

.2500 

.6200 

2.00 

.0250 

.0200 

- 

- 

.6526 

IS. 

9.4 

15.6 

.5900 

.2000 

.7900 

2.06 

.0060 

.0000 

- 

- 

.7325 

13. 

20.6 

17.8 

.5100 

.3000 

.9800 

2.02 

.0050 

.0000 

43* 

0.50 

.7426 

14. 

w. 

18, 
17. 
18. 

14.0 

16.6 

.4500 

.3200 

.7700 

1.86 

.0100 

•0000 

- 

- 

.7775 

10.6 

15.6 

.6900 

.2600 

.9500 

2.20 

.0080 

.0000 

42* 

0.80 

.8600 

6.4 

14.8 

.4000 

.1700 

.5700 

2.20 

.0060 

.0188 

. 

- 

.8060 

19. 

18.0 

20.8 

.7800 

.3700 

1.1500 

2.38 

.0100 

.0000 

- 

- 

.8600 

»» 

8.2 

18.6 

.4800 

.2400 

.7200 

2.28 

.0080 

.0000 

87* 

0.90 

.8475 

21. 

12.2 

23.8 

.8400 

.4300 

.7700 

1.60 

.0070 

.0000 

- 

- 

.8025 

a. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

25, 
25. 

40.2 

60.6 

.2300 

1.1000 

1.3800 

1.56 

.0050 

.0000 

42* 

0.66 

.9925 

76.0 

93.8 

1.5800 

.0900 

2.2200 

8.72 

.0100 

.0000 

_ 

^ 

1.2600 

28, 

16.4 

27.8 

2.4000 

.2700 

2.6700 

1.82 

.0070 

.0200 

- 

- 

1.7475 

27. 

.♦ 

66.6 

54.2 

2.3200 

.6500 

2.9700 

4.42 

.0080 

.0000 

86* 

0.88 

2.2975 

28. 
S9 

10.4 

88.4 

.5800 

.4500 

1.0800 

2.14 

.0020 

.0000 

- 

- 

2.2226 

28.4 

45.0 

1.0600 

.3100 

1.8600 

2.22 

.0080 

.0000 

« 

_ 

2.0075 

31. 

- 

- 

- 

- 

- 

- 

- 

44* 

0.65 

- 

End  of  Mwage  pipe  and  Mreen  Id  Lawrence  Street  lewer  cleaned  as  follows :  •>  March  2.  5,  9, 13, 16, 
20,23,S7afld31. 
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UnfiUered  Sewage  —  Continued^ 
Apru,  laas. 


Ajimohia. 

i 

KiTtOOCN 
AS 

s 

i 

III 

D4TK, 

i 

■3 

t 

1 

S 

^ 

1. 

«» 
«. 

T. 
8. 

10. 
11» 
12, 
13. 
14, 
15. 
16,      , 

n. 

18. 

20. 

21. 

22. 

23. 

24.       . 

25. 

26. 

27. 

28. 

29, 

80, 

126.6 
64.2 
11.6 
18.4 

56.8 

14.0 
86.6 
26.0 

19.6 

66.0 

8.8 

10.2 

42.4 

80.0 
49.6 

92.2 
4.2 
10.0 

5.0 
4.8 

90.4 
80.6 
24.2 
21.6 

47.2 

31.2 
45.0 
83.8 

81.4 

61.6 
26.0 
22.0 
63.6 

46.4 
51.0 

80.6 
19.2 
20.0 

16.2 
14.0 

1.5100 
.3000 
.2800 
.8900 

1.2800 

1.3700 

1.6SC0 

.4700 

1.4100 

1.8800 
.8400 
.2500 
.3100 

1.7600 
1.6000 

1.7400 
.3300 
.4200 

.3600 
.2200 

2.2500 

1.0700 

.3500 

.8400 

.8300 

.3700 
.7900 
.6300 

.5500 

1.2900 
.3200 
.8100 

1.1500 

.5500 
1.2900 

2.2000 
.1000 
.2700 

.1000 
.1160 

3.7600 

1.4600 

.6300 

.7300 

2.1100 

1.7400 
2.4700 
1.1000 

1.9600 

3.1200 
.6600 
.5600 

1.4600 
- 

2.8000 

2.8900 

3.9400 
.4300 
.6900 

.4600 
.3360 

3.84 
2.00 
1.80 
2.00 

4.06 

4.80 
8.94 
2.05 

3.80 

4.20 
2.80 
2.80 
2.66 

4.60 
4.76 

5.06 
2.58 
2.62 

2.40 
2.60 

.0080 
.0080 
.0200 
.0080 

.0080 

.0080 
.0050 
.0050 

.0050 

.0050 
.0120 
.0050 
.0050 

.0100 
.0030 

.0060 
.0020 
.0030 

.0050 
.0050 

.0000 

Present. 

.0400 

.0000 

.0000 

.0000 
.0000 
.0000 

Present. 

.0000 
.0000 
.0000 
.0000 

.0000 
.0000 

.0000 
.0200 
.0000 

.0200 
.0000 

45- 

46* 

47* 
51- 

0.62 

0.60 

0.66 

0.09 
0.79 

2.2800 
1.9QSS 
1.8025 
1.6450 

1.2825 

1.302S 
1.7675 
1.8550 

1-8175 

2.1626 
1.7100 
1.5750 
1.4500 

1.2450 
1.8025 

2.6475 
2.3900 
1.9875 

1.3800 
.4790 

April  6  and  12.  —  End  of  sewage  pipe  and  screen  In  I^wrence  Street  sewer  cleaned.    April  18.— 
Entrance  to  pipe  cleaned.    Screen  removed. 
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Unjiltered  Sewage  —  Continued. 

Kay,  1S88. 


RUIDUK  OV 
EVAFORATIOV. 

Amxohia. 

, 

NiTBOOEX 
AS 

s 

1 

1 

DATS. 

1^ 

1 

1 

i) 

1 

1 

1 

1. 
2, 

- 

- 

- 

- 

■* 

- 

- 

- 

- 

- 

- 

s. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

.- 

- 

4.        . 

63.2 

44.8 

2.1600 

1.8600 

4.0100 

8.84 

.0060 

.0000 

51* 

0.60 

.1.8740 

a. 

82.4 

26.8 

1.6200 

.6600 

2.2800 

4.30 

.0060 

.0000 

- 

- 

.1.7716 

«. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

' 

- 

7. 

168.0 

108.4 

2.790O 

8.0000 

10.7200 

4.64 

.0200 

.0000 

- 

- 

4.3365 

8. 

11.2 

21.6 

.8200 

.4800 

.8000 

2.60 

.0100 

.0000 

61* 

0.60 

4.4625 

•, 

17-8 

26.0 

.6100 

.6200 

1.1800 

2.50 

.0060 

.0000 

- 

- 

3.7825 

10. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

11. 

21.2 

60.4 

.7600 

1.0800 

1.7800 

2.50 

.0160 

.0000 

61* 

0.68 

8.6076 

12. 

57.2 

104.8 

1.4800 

1.6400 

8.0200 

4.02 

.0070 

.0000 

- 

- 

1.6826 

13. 

- 

- 

- 

- 

- 

• 

- 

- 

- 

- 

- 

14. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

16. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1«. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

IT. 

- 

- 

- 

1 

- 

- 

- 

- 

61- 

0.70 

- 

18. 

86.0 

40.8 

1.0400 

.8600 

2.6000 

4.64 

.0060 

.0000 

- 

- 

2.1076 

1». 

0.0 

23.4 

.4800 

.2600 

.6000 

2.84 

.0100 

.0000 

- 

- 

1.0076 

». 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

21. 

136.4 

124.8 

2.0600 

2.3800 

4.8000 

6.76 

.0080 

.0000 

- 

- 

2.6500 

22.    • 

18.8 

23.0 

.6800 

.6000 

1.0800 

2.00 

.0160 

.0000 

68* 

0.66 

2.1650 

23. 

40.2 

68.8 

1.7600 

1.1600 

2.0000 

4.88 

.0100 

.0000 

- 

- 

2.2650 

24. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

2». 

88.4 

84.6 

1.0900 

.7200 

1.7600 

4.06 

.0040 

.0000 

66' 

0.67 

2.6300 

2«, 

16.2 

23.8 

1.6400 

.2600 

1.8000 

6.00 

.0080 

.0006 

- 

- 

1.9060 

2T, 

- 

- 

- 

- 

. 

- 

- 

- 

- 

- 

- 

28. 

7.6 

17.2 

.6000 

.2700 

.7700 

2.60 

.0060 

.0000 

- 

- 

1.8276 

». 

- 

- 

-     ' 

• 

. 

- 

- 

- 

6r 

0.67 

- 

». 

20.4 

81.2 

1.4700 

.4000 

1.8700 

6.06 

.0060 

.0000 

- 

- 

1.6700 

81, 

12.6 

24.0 

2.8200 

t 

.8200 

2.6400 

4.80 

.0100 

.0000 

67* 

0.66 

1.7926 
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Unaltered  Sewage  —  Continued. 


Jnnc 

,  1898. 

. 

Rbsidcc  on 
Evaporation. 

Ammonia. 

NrriooKif 

AB 

e 

i-* 

ill 
III 

Datk. 

i 

1 

1 

1^ 

1 

1 

2 

S 

1,        .       .       . 

10.8 

21.8 

.noo 

.4300 

1.1400 

3.60 

.0080 

.0000 

« 

_ 

1.0050 

a. 

8. 
4. 

26.2 

29.0 

1.4800 

.5500 

2.0300 

5.02 

.0150 

.0000 

- 

- 

1.9200 

11.6 

20.2 

.9800 

.4800 

1.4100 

8.22 

.0080 

.0000 

- 

- 

1.8060 

6. 

- 

- 

- 

- 

- 

- 

- 

- 

br 

0.68 

- 

«. 

20.8 

23.8 

1.8900 

.5400 

1.9300 

5.20 

.0070 

.0060 

- 

- 

1.0276 

7, 

- 

- 

1.8000 

.8400 

2.2300 

4.22 

.0050 

.0024 

- 

- 

1.9000 

8, 

6.0 

17.4 

.7600 

.2100 

.9700 

4.74 

.0050 

.0004 

5r 

0.69 

1.6350 

«,        ■ 

34.8 

18.2 

2.3500 

.5700 

2.0200 

4.54 

.0070 

.0002 

- 

- 

2.0125 

10. 

- 

- 

- 

- 

-. 

- 

- 

- 

- 

- 

- 

11. 

17.0 

19.8 

.5200 

.1500 

.6700 

4.87 

.0070 

.0006 

- 

- 

1.6075 

M. 

- 

- 

- 

- 

- 

- 

. 

- 

br 

0.50 

- 

IS. 

87.9 

80.3 

1.7000 

.6500 

2.3500 

6.21 

.0050 

.0004 

- 

1.7275 

14. 

19.1 

25.3 

1.7000 

.4500 

2.1500 

5.80 

.0070 

.0008 

- 

- 

2.0225 

15, 

17.4 

32.4 

.7300 

.2100 

.9400 

2.57 

.0050 

.0002 

5r 

0.58 

1.5275 

18. 

24.0 

82.4 

1.3500 

•2200 

1.5700 

6.05 

.0070 

.0002 

- 

- 

1.7525 

17. 

- 

- 

- 

- 

•  • 

- 

- 

- 

- 

- 

- 

18. 

5.5 

16.9 

.4300 

.1800 

.6100 

3.37 

.0070 

.0000 

- 

- 

1.3175 

1». 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

20. 

9.3 

16.1 

.7000 

.2100 

.9100 

8.05 

.0070 

.0001 

62* 

0.62 

1.0076 

21. 

9.8 

17.6 

.5600 

.1300 

.6900 

2.98 

.0070 

.0001 

- 

- 

.M50 

22, 

12.8 

19.9 

2.7100 

.4200 

3.1300 

4.65 

.0100 

.0000 

62* 

0.50 

1.3350 

23. 

11.2 

18.6 

1.9300 

.3300 

2.2600 

4.10 

.0100 

.0002 

- 

- 

1.7475 

24. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

25, 

10.4 

20.4 

1.9000 

.2000 

2.1000 

4.30 

.0120 

.0004 

- 

- 

2.0450 

28. 

- 

- 

- 

- 

- 

- 

- 

- 

63' 

0.57 

- 

27. 

23.6 

60.9 

2.0800 

.5800 

2.6100 

4.40 

.0050 

.0002 

- 

- 

2.5250 

28. 

17.2 

27.4 

1.8100 

.8000 

2.1100 

5.82 

.0070 

.0004 

- 

- 

2.2700 

29. 

21.0 

26.6 

1.7000 

.4100 

2.1100 

K05 

.0070 

.0004 

60» 

- 

2.2S25 

80. 

19.6 

84.6 

1.5800 

.5200 

2.1000 

9.55 

.0050 

.0004 

- 

- 

2.2325 

Jane  4.  — Pipe  from  Lawrence  Street  sewer  cleaned  oat  by  forcing  in  city  water.  Pipe  was  nearly 
full  of  eedimenl.  June  29.— Entrance  to  pipe  cleaned.  June  30.  — Chlorine  at  different  hours  aa  fol- 
lows:—9.15,  6.80  parte;  0.30.6.70;  10.20,4.82;  11.10,6.81;  11.46.8.24;  8.80.18.87;  4.85,11.26. 
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UnfiUered  Sewage  —  Continued. 

««Iy.  ISM. 


1     RKfllDUK  OH 

1  Etaposatiow. 

AlOfOXIA. 

, 

NlTROOKV 
AS 

a 

i 

1 

B 

i 

1^^ 

I>ATS. 

§1 

1^ 

1 

1 

^ 

1 

S 

» 

1.             . 

2. 

8.7 

10.4 

.7700 

.2000 

.0700 

8.10 

.0060 

.0006 

- 

- 

1.8226 

»• 

- 

- 

- 

- 

- 

- 

- 

- 

62" 

0.67 

- 

4.         • 

28.6 

84.2 

1.7000 

.6800 

2.8400 

7.80 

.0100 

.0000 

- 

- 

1.8800 

5.         . 

22.8 

27.1 

2.1000 

.4300 

2.6800 

7.12 

.0070 

.0010 

- 

- 

1.0860 

«•         - 

20.e 

27.4 

1.8400 

.6200 

2.8600 

6.22 

.0100 

.0000 

62- 

0.66 

2.0500 

T.         . 

18.0 

20.8 

2.0700 

.4300 

2.6000 

8.47 

.0070 

.0004 

- 

- 

2.4326 

8,         . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

9. 

10.0 

16.0 

.6700 

.8200 

.8800 

8.06 

.0070 

.0000 

- 

- 

2.0700 

10.         . 

- 

- 

- 

• 

- 

- 

- 

- 

68' 

0.66 

- 

11.         . 

24.4 

86.0 

2.0800 

.6800 

2.6600 

10.42 

.0070 

.0000 

- 

- 

2.0775 

w.      . 

6.4 

10.8 

.0100 

.1400 

1.0600 

8.68 

.0100 

.0000 

- 

- 

1.7500 

13,         , 

4.8 

17.6 

.0200 

.1800 

1.0600 

4.06 

.0050 

.0000 

61' 

•.«, 

1.3876 

14, 

6.0 

16.7 

.8400 

.2600 

1.0000 

8.66 

.0070 

.0000 

- 

- 

1.4376 

16,         . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

16. 

6.0 

18.0 

1.1200 

.4300 

1.6600 

8.40 

.0060 

.0000 

- 

- 

1.1850 

IT. 

- 

- 

- 

- 

- 

- 

- 

- 

63* 

0.60 

- 

18. 

18.7 

28.0 

8.6700 

.8100 

8.8800 

6.70 

.0070 

.0000 

- 

1.8026 

M, 

10.4 

20.0 

8.1300 

.4100 

3.6400 

6.86 

.0100 

.0000 

- 

2.6150 

», 

0.2 

24.4 

.6400 

.2600 

.7000 

4.07 

.0100 

.0000 

64- 

0.66 

2.4400 

M. 

11.0 

83.6 

2.6000 

.4800 

8.1400 

12.76 

.0100 

.0000 

- 

- 

2.8376 

a. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

23, 

11.0 

28.6 

2.2400 

.2800 

2.6300 

4.24 

.0860 

.0000 

- 

- 

2.5000 

24. 

- 

- 

- 

- 

- 

- 

- 

- 

65' 

0.63 

- 

25. 

21.7 

80.7 

2.8000 

.8700 

8.2600 

16.16 

.0100 

.0000 

- 

- 

2.4300 

2«, 

12.0 

90.1 

2.8800 

.3800 

2.7600 

4.10 

.0070 

.0000 

- 

- 

2.0226 

27. 

0.6 

10.2 

2.1600 

.3700 

2.6200 

4.07 

.0070 

.0000 

66' 

0.64 

2.7676 

28, 

83.0 

26.0 

1.8600 

1.1800 

8.0800 

6.68 

.0070 

.0000 

- 

- 

2.8026 

2», 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

30. 

10.2 

88.0 

2.0600 

.6700 

8.620O 

16.76 

.0070 

.0000 

- 

- 

2.0576 

81. 

- 

- 

- 

- 

- 

- 

- 

- 

66' 

0.66 

- 

July  8  and  18. — Bntraoce  to  Mwage  pipe  cleaned.    July  13. — Entrance  was  half  obstructed  by  sand. 
July  19.  —  Sediment  washed  oat  of  pipe  with  city  water. 
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Uttfiltered  Sewage  —  Continued. 


Aavost,  1898 

• 

Rbsidub  ox 
Evaporation. 

Akmoitia. 

« 

i 

NrntooBN 

A8 

s 

Datk. 

§1 
1^ 

1 
C 

1 

1^ 

1 

1 

1 

1.        . 

118.0 

60.2 

8.8000 

2.0000 

6.0000 

5.06 

.0070 

.0000 

^ 

. 

8.7650 

a.      . 

70.1 

50.8 

3.1800 

1.7600 

4.0800 

4.83 

.0000 

.0000 

- 

•- 

4.8675 

8,        . 

14.8 

27.2 

3.1200 

.4300 

8.5500 

8.90 

.0100 

.0000 

68* 

0-.61 

4.4975 

4.        . 

10.6 

23.4 

2.0000 

.5000 

3.4000 

5.85 

.0100 

.0000 

- 

- 

4.4900 

6.        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

•- 

•      - 

0,        . 

17.2 

24.8 

2.6800 

.4100 

8.0000 

8.00 

.0070 

.0000 

- 

- 

8.7666 

7,        . 

- 

- 

- 

- 

- 

- 

- 

. 

or 

0.60 

- 

8, 

14.8 

26.8 

2.6700 

.8600 

8.0860 

9.00 

.0070 

•0000 

- 

- 

3.2900 

».        . 

00.6 

71.0 

8.3300 

.8100 

4.1400 

4.93 

.0100 

.0000 

- 

8.4375 

10.        , 

116.0 

77.4 

3.0800 

2.8000 

6.8700 

4.80 

.0100 

.0000 

vr 

0.67 

4.2825 

11.        . 

143.8 

106.4 

3.1600 

2.6400 

5.6000 

6.10 

- 

.0000 

- 

- 

4.9325 

12.        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

13, 

20.4 

80.4 

1.4800 

.4800 

1.0600 

4.15 

- 

.0000 

- 

- 

4.6650 

14,        . 

- 

- 

- 

- 

- 

5.65 

- 

- 

66* 

0.58 

- 

16. 

256.2 

815.2 

3.2600 

4.7000 

7.0600 

6.50 

.0200 

.0000 

- 

- 

5.6200 

!«. 

86.2 

81.8 

2.5800 

.6000 

3.1800 

5.10 

- 

.0000 

- 

•- 

4.6976 

17. 

44.8 

*  27.6 

2.8000 

.9300 

3.7800 

6.20 

.0200 

.0000 

- 

- 

4.2075 

18.        , 

61.4 

80.2 

2.2800 

.5800 

2.8600 

8.05 

.0200 

.0000 

67* 

0.52 

4.4325 

19. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

20, 

20.4 

21.4 

2.8700 

.4100 

8.2800 

6.42 

.0100 

.0000 

- 

- 

3.2625 

21, 

- 

- 

- 

- 

- 

6.00 

- 

- 

- 

- 

- 

22, 

27.6 

22.6 

1.0100 

.8400 

2.2500 

5.80 

.0200 

.0000 

67* 

0.52 

3.0800 

23. 

21.0 

24.6 

2.3200 

.2700 

2.5000 

5.70 

.0250 

.0000 

- 

- 

12.7450 

24. 

20.4 

28.4 

2.0000 

.4800 

8.0700 

7.80 

.0100 

.0000 

65* 

0.57 

2.7975 

25, 

20.4 

80.0 

2.4000 

.8700 

2.noo 

6.25 

.0100 

.0000 

- 

- 

'2.6700 

26. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

27, 

27.4 

41.0 

2.4200 

.4800 

2.8500 

4.22 

.0300 

.0000 

- 

- 

2.8200 

28, 

- 

- 

- 

- 

- 

- 

- 

- 

60* 

0.58 

- 

20. 

184.2 

103.2 

3.2400 

4.7400 

7.9800 

16;  75 

.0300 

.0000 

- 

4.1675 

80, 

418.4 

477.2 

4.0600 

18.6500 

22.7100 

20.50 

.0350 

.0000 

- 

9.0775 

31, 

43.2 

48.4 

2.8500 

.7100 

3.5600 

11.50 

- 

.0000 

68- 

0.45 

9.2750 

Reildae  on  evaporation  after  Augast  1  obtained  with  eodlnm  carbonate.  August  11.  — Chlorine  in 
eample  collected  In  the  afternoon.  7.10  parts;  18,  9.90;  21.  6.09;  25,  6.00.  Aagnst  17.  — Sewage  high  In 
lewer.   August  25.  —  Bample  turned  black  on  standing. 
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Unfiltered  Sewage  —  Condnued. 


Bmwub  oh 

EVAPOBATIOM. 

Ammokxa. 

j 

KlTBOOKV 

▲8 

a 

1 

a 

Ill 

III 

DATS 

1^ 

I 

J 

1^ 

1 

1 

1 

1.  . 

2.  ■    . 

3.  . 

51.6 

74.8 

2.4100 

1.0000 

8.4100 

11.25 

- 

.0000 

- 

- 

9.4150 

41.8 

49.2 

8.3600 

1.1000 

4.4500 

15.70 

_ 

.0000 

« 

. 

8.5325 

4. 

- 

- 

- 

- 

- 

- 

- 

- 

«r 

0.56 

- 

5.       . 

8D.0 

86.0 

2.9600 

1.1500 

4.1100 

7.00 

- 

.0000 

- 

- 

8.8825 

8.        . 

0S.O 

85.2 

8.1400 

1.4000 

4.6300 

9.41 

- 

.0000 

- 

- 

4.1500 

T,       . 

21.8 

41.4 

2.7100 

.6800 

8.3000 

10.60 

- 

.0000 

66* 

0.54 

4.1450 

8.       . 

81.2 

56.0 

2.8100 

.8500 

3.6600 

20.25 

- 

.0000 

- 

- 

8.0475 

9.        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

10.       . 

26.4 

56.4 

2.2800 

.6800 

2.9100 

15.90 

- 

.0000 

- 

- 

8.6475 

11. 

- 

- 

- 

- 

- 

- 

- 

- 

66* 

0.54 

- 

12.        . 

14.8 

29.6 

.5400 

.2700 

.8100 

2.51 

- 

.0000 

- 

- 

2.6025 

13,        . 

23.4 

38.6 

2.5700 

.5700 

8.1400 

7.31 

- 

.0000 

- 

- 

2.6800 

w.     . 

9.8 

83.0 

.8400 

.1500 

.9000 

8.35 

- 

.0000 

or 

0.58 

1.0625 

15,        . 

16, 

8T.2 

45.8 

2.5T00 

.6700 

8.1800 

14.28 

- 

.0000 

- 

- 

2.0800 

17, 

18, 

24.8 

40.2 

2.6100 

.7400 

8.8500 

10.70 

- 

.0000 

- 

- 

2.6650 

M. 

20.2 

83.2 

2.8800 

.4700 

2.8500 

7.28 

« 

.0000 

64* 

0.66 

2.5025 

». 

16.8 

20.8 

2.5000 

.3900 

2.8000 

6.90 

- 

.0000 

- 

- 

3.0675 

a. 

80.0 

188.6 

1.7000 

1.8600 

8.5600 

5.50 

- 

.0000 

- 

- 

8.1625 

23, 

14.8 

81.2 

1.5500 

.3900 

1.0400 

5.75 

- 

.0000 

62- 

0.61 

2.8100 

w. 

19.2 

27.4 

2.8500 

.3500 

2.7000 

5.87 

« 

.0000 

« 

_ 

2.n25 

25, 

- 

- 

- 

- 

- 

- 

- 

- 

68- 

0.57 

- 

28, 

21.4 

84.4 

.2500 

.2700 

.5200 

1.45 

- 

.0000 

- 

- 

2.1800 

27. 

17.0 

86.0 

1.0200 

.6800 

2.6000 

5.35 

- 

.0000 

- 

- 

1.0400 

28. 

26.6 

52.0 

1.3200 

.6000 

2.0100 

6.08 

- 

.0000 

- 

- 

1.9575 

29. 

22.2 

58.4 

2.5000 

.5700 

3.1600 

18.67 

. 

.0000 

- 

- 

2.0725 

». 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

September  11.— Botranoe  to  eewage  pipe  cleaned.  Was  almost  wholly  obatnieted  by  aand.  Septem- 
ber 14  and  28.  Sedimeot  in  pipe  waabed  out  with  city  water.  Beptember  14  and  20.  —  Little  aedlment 
^  lainplM  analysed. 
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Ui^Uered  Sewage  —  Contimied. 


Rbuduk  oir 
Evaporation. 

AmcoxiA. 

J 

NiTBOGU 
AS 

a 

1 

i 

Datb. 

i 

1 

1 

1^ 

1 

03 

S 

K 

1. 

81.6 

28.0 

2.5000 

1.5100 

4.0100 

5.58 

. 

.0000 

- 

_ 

2.9450 

2. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

8.        . 

8.2 

83.2 

1.9800 

.8800 

2.8600 

6.07 

- 

.0000 

58* 

0.68 

2.8850 

4. 

18.8 

27.2 

2.4000 

.4600 

2.8600 

7.26 

- 

.0000 

- 

- 

8.0975 

6. 

20.0 

80.0 

2.4000 

.6400 

3.1300 

6.24 

- 

.0000 

- 

- 

8.0900 

6. 

14.2 

50.0 

1.9400 

.4100 

2.8500 

24.97 

- 

.0000 

60- 

0,65 

2.6750 

26.6 

80.8 

1.8800 

.5800 

2.4100 

5.40 

. 

.0000 

^ 

. 

2.0876 

». 

- 

- 

- 

- 

- 

- 

- 

- 

59* 

0.69 

- 

10, 

13.2 

25.0 

2.3500 

.3800 

2.7800 

5.25 

- 

.0000 

- 

- 

2.0650 

11. 

13.8 

28.0 

2.2100 

.3400 

2.5500 

5.80 

- 

.0000 

- 

- 

2.5100 

12. 

19.2 

25.6 

2.6000 

.4100 

8.0100 

5.77 

- 

.0000 

- 

- 

2.6750 

18. 

14.2 

26.4 

1.9700 

.4000 

2.8700 

4.97 

- 

.0000 

65* 

0.72 

2.6650 

14, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

16, 

18.2 

26.8 

2.6100 

.6800 

8.1400 

5.35 

- 

.0000 

- 

- 

2.7675 

w. 

- 

- 

- 

- 

- 

- 

- 

- 

54* 

0.66 

- 

17, 

13.4 

25.4 

2.6900 

.3700 

8.0600 

4.92 

- 

.0000 

- 

- 

2.8950 

18, 

12.6 

85.2 

1.9800 

.3800 

2.8600 

4.40 

- 

.0000 

- 

- 

2.7325 

1». 

12.8 

28.2 

2.3600 

.3000 

2.6600 

5.68 

- 

.0000 

- 

- 

2.8050 

20, 

18.6 

27.0 

1.5100 

.4100 

1.9200 

4.68 

- 

.0000 

so- 

0.05 

2.5000 

21, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

22. 

18.8 

26.8 

2.6400 

.4700 

8.1100 

6.05 

- 

.0000 

- 

- 

2.5125 

28, 

- 

- 

- 

- 

- 

- 

- 

- 

56* 

0.61 

- 

24, 

82.0 

48.2 

.9100 

.5900 

1.5000 

8.00 

- 

.0000 

- 

- 

2.2975 

25, 

11.0 

23.1 

2.2400 

.2900 

2.5800 

4.74 

- 

.0000 

- 

- 

2.2650 

26, 

16.6 

23.8 

2.7800 

.3600 

8.1400 

4.95 

- 

.0000 

66' 

0.67 

2.5700 

27, 

15.6 

80.0 

1.5500 

.3100 

1.8600 

12.10 

- 

.0000 

- 

- 

2.2576 

28, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

" 

20, 

17.2 

26.8 

2.1200 

.8700 

2.4900 

4.70 

- 

.0000 

- 

- 

2.5060 

80,  . 

13.0 

20.2 

- 

- 

- 

10.85 

- 

.0000 

66* 

0.62 

- 

81, 

18.0 

22.6 

2.5400 

.8000 

2.8400 

4.61 

- 

- 

- 

- 

2.5821 

October  18.— Chlorlno  In  sareple  eollactad  In  the  afternoon,  4.90.    October  19, 24  and  31.  —  Nltntei 
not  read  owing  to  pretence  of  organio  matter. 
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Vnfittered  Sewage  —  Continued. 


■•rei 


AiotomA. 

S 

i 

li 

1- 

ill 

lit 

I>*TH. 

i 

1 

1 

f 

I 

1 

i       1 

7. 

1, 
2. 

a. 

4. 

6,       . 

6.  . 

7.  . 

8.  . 
9. 

10,  . 

11,  . 
12. 

13.       . 

14, 

16. 

18, 

IT. 

18, 

19, 

20, 

21. 

28, 

23, 

24, 

23, 

28. 

27. 

38, 

20, 

80, 

14.0 
18.4 
18.4 

17.8 
18.2 
14.2 
17.8 
21.4 
10.8 

14.2 

30.0 
11.0 
18.3 
31.6 

30.0 

0.4 
10.3 
17.4 
14.4 

20.3 

13.8 
12.0 
8.0 

38.0 
24.3 
23.8 

36.8 
53.3 
38.8 
60.4 
26.4 
40.4 

40.2 

20.2 
26.0 
40.8 
66.6 

31.8 

17.0 
24.8 
38.8 
28.0 

24.4 

1 

43.4 
26.6 
81.4 

2.4700 
2.3800 
2.8300 

2.0000 

2.4200 
2.8300 
1.0400 
1.6500 

1.8100 

2.2000 
2.8800 
2.1800 
1.0300 

2.6200 

.7000 
1.1300 
1.6600 
1.4400 

1.8400 

.6100 

.0000 

1.0100 

.4800 

.4400 
.4800 

.6700 

.4400 
.4800 
.4400 
.4000 

.4400 

.4700 
.4400 
.6700 
.6000 

.8300 

.1800 
.2400 
.4100 
.3800 

.3100 

•3300 
.1800 
.3100 

2.0000 
2.8200 
3.2800 

2.6800 

2.8800 
8.1100 
3.3800 
1.0600 

2.2600 

2.6700 
2.8300 
2.7600 
2.6800 

3.1600 

.8800 
1.3700 
1.9800 
1.8000 

2.1600 

.8300 
1.1600 
1.2200 

4.70 
6.02 
4.60 

4.46 

22.42 
4.80 

18.73 
6.06 

14.67 

4.66 

4.80 
11.16 

6.10 
36.10 

6.43 

8.31 
4.60 
7.25 
4.64 

6.10 

2.10 
4.26 
6.02 

.0129 

.0100 

.0120 

,0100 

.0100 
.OIW 
.0100 
.0070 

.0100 

.0100 
.0100 
.0100 
.0100 

less  than 
.0200 

.0070 
.0100 
.0100 

.0000 
>0000 

.0000 

.0000 
.0000 
.QOOO 
.0000 

.0000 

.0000 

.0000 

.0000 
.0000 
.0000 
.0000 

.0000 

.0000 
.0000 
.0000 
.0000  1 

.0000 

.0000 
.0000 
.0000 

60- 
62* 

0.63 
0.68 

2.6226 
2.7626 
2.O80O 

2.0150 

2.0050 
2.0776 
2.7626 
2.5750 

2.4226 

2.3126 
2.4226 
2.8226 
2.6026 

2.8126 

2.8276 
1.0825 
1.8400 
1.6026 

1.8200 

1.8850 
1.4826 
1.3376 

November  1  and  7. — Nitrate*  not  read  owing  to  presence  of  organic  matter.  November  17.—  Man- 
ganeae  in  aample  for  firat  time  in  two  weeka.  November  20.  ~  Pipe  from  Lawrence  Street  eewer  cleaned 
out.    November  30.  —  Much  hydrogen  sulphide  in  sample. 
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FILTRATION  OF  SEWAGE. 
Unfittered  Sewage  —  Continued. 


Rbsiddb  ok 

EVAPOBATION. 

Ammonia. 

« 

1 

NlTROOE* 
▲8 

3 

i 

1^1 

Datb. 

1 

jl 

i 

S 

S 

1, 

9.2 

81.0 

1.2400 

.3400 

1.6800 

7.67 

.2000 

.0000 

- 

. 

1.1950 

2. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

8. 

14.0 

29.0 

1.2700 

.2600 

1.6800 

6.00 

.0100 

.0000 

- 

- 

1.8700 

4, 

- 

- 

- 

- 

- 

- 

- 

- 

4r 

0.43 

- 

». 

17.4 

26.4 

1.4300 

.3600 

1.7900 

6.18 

.0100 

.0000 

- 

- 

1.5300 

«. 

18.4 

66.8 

1.8700 

.8600 

1.7300 

24.30 

.0100 

.0000 

- 

- 

1.6575 

7. 

16.4 

26.2 

1.4100 

.8300 

1.7400 

4.80 

.0100 

.0000 

- 

- 

1.0075 

8. 

10, 

14.8 

26.0 

1.4300 

.4800 

1.8600 

6.00 

.0100 

.0000 

- 

- 

1.7800 

14.8 

27.0 

1.8400 

.3700 

1.7100 

6.04 

.0150 

.0000 

. 

. 

1.7600 

11. 

18.6 

29.8 

- 

- 

- 

4.98 

.0100 

.0000 

- 

- 

- 

12. 

22.6 

60.0 

.8800 

.8600 

1.2400 

8.80 

.0100 

.0000 

- 

- 

1.6375 

13. 

10.4 

27.0 

1.6000 

.1900 

1.7900 

4.76 

.0200 

.0000 

- 

- 

1.6600 

14. 

11.7 

24.6 

1.4100 

.2400 

1-6500 

6.03 

.0150 

.0000 

48- 

0.72 

1.5075 

16, 

20.0 

18.6 

.7800 

.8700 

1.1500 

2.70 

.0300 

.0000 

- 

- 

1.4575 

w. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

17, 

6.2 

18.2 

.2300 

.1100 

.8400 

2.89 

.0130 

.0000 

- 

- 

1.2S2S 

18, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

19, 

- 

. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

20, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

21, 

- 

. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

22, 

8.6 

27.2 

1.1400 

.2800 

1.4200 

4.61 

.0100 

.0000 

46* 

0.71 

1.1400 

23, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

24,        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

25,         . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

26, 

28.0 

87.0 

.6900 

.3700 

1.6600 

4.28 

.0100 

.0000 

- 

- 

1.1176 

27,         , 

16.6 

25.0 

1.4800 

.6600 

2.1400 

6.62 

.0070 

.0000 

- 

- 

1.3650 

28.        . 

12.0 

83.2 

1.2600 

.3000 

1.6600 

3.68 

.0120 

.0000 

- 

- 

1.6OT5 

29,        . 

9.4 

22.8 

1.1400 

.2900 

1.4300 

4.42 

.0100 

.0000 

46- 

0.73 

1.6700 

80.        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

81.        . 

12.0 

23.8 

1.4600 

.2900 

1.7400 

3.78 

.0100 

.0000 

- 

- 

1.7150 

Sample  of  December  1  ai^nin  analyzed  December  3,  abowed  nitratea  .1260  parts.    December  6.  7.8a 
lO.  12,  13, 14, 26  and  31.    Samplea  contained  manganeae.    December  27  and  28.  —  No  manganeae. 
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VnJUtered  Sewage  —  Continued. 


Jmanary*  ISM- 

Rbsiduc  ov 

EVAPORATIOV. 

AimoifiA. 

KlTBOORV 
AS 

i^ 

|5I 

DATS. 

§1 
1^ 

1 

1 

|l 

1 

1 

1 

1 

1, 

- 

. 

« 

- 

- 

. 

. 

- 

45* 

0.75 

. 

% 

8.4 

22.0 

1.0700 

.2700 

1.8400 

4.10 

- 

.0000 

- 

- 

1.6150 

3,        . 

11.4 

23.2 

1.0600 

.2500 

1.8100 

5.40 

.0070 

.0000 

- 

- 

1.4550 

4.       . 

10.4 

23.0 

1.8000 

.8800 

1.7200 

4.57 

.0100 

.0000 

47- 

0.60 

1.5275 

10.8 

24.6 

1.2M0 

.2600 

1.5100 

4.92 

.0100 

.0000 

- 

- 

1.4700 

18.8 

24.6 

1.4M0 

.2600 

1.7100 

4.27 

.0100 

.0000 

. 

. 

1.5625 

8. 

- 

- 

- 

- 

- 

- 

- 

- 

47' 

0.88 

- 

«. 

18.2 

24.0 

1.1900 

.2000 

1.4500 

4.15 

.0150 

.0000 

- 

- 

1.5975 

M. 

12.2 

28.0 

1.2d00 

.2700 

1.5800 

4.60 

.0100 

.0000 

- 

- 

1.5500 

11. 

11.6 

23.4 

1.1700 

.2200 

1.3900 

4.80 

.1000 

.0040 

- 

- 

1.5200 

33, 
14. 

18.0 

24.2 

1.1400 

.2800 

1.4200 

4.87 

.0050 

.0000 

46* 

0.79 

1.4475 

14.8 

28.0 

1.1800 

.2400 

1.3000 

6.71 

.0060 

.0000 

« 

_ 

1.4325 

14. 

- 

- 

- 

- 

- 

- 

- 

- 

4r 

o.n 

- 

18. 

12.0 

23.2 

1.8600 

.8800 

1.7000 

4.88 

.0100 

.0000 

- 

- 

1.4760 

*17, 

10.8 

22.2 

1.0000 

.3000 

1.3800 

4.40 

.0100 

.0000 

- 

- 

1.4750 

18. 

8.4 

84.0 

.4700 

.2000 

.6700 

2.70 

.0060 

.0000 

- 

- 

1.2875 

20, 

8.4 

28.0 

1.0100 

.8100 

1.3200 

4.90 

.0100 

.0000 

46- 

0.78 

1.2700 

21. 

8.8 

16.0 

.6600 

.1800 

.7900 

2.68 

.1800 

.0500 

_ 

„ 

1.0425 

», 

- 

. 

- 

- 

- 

-' 

- 

- 

- 

- 

- 

28» 

12.0 

22.8 

I.IWO 

.2800 

1.4000 

4.48 

.6100 

\oooo 

45» 

0.71 

1.0450 

24, 

10.0 

20.2 

1.1100 

.8500 

1.4600 

8.98 

.0100 

.0000 

- 

- 

1.2425 

tt. 

10.6 

21.2 

1.8000 

.8100 

1.6100 

4.10 

.0100 

.0000 

- 

- 

1.8150 

28. 

2T. 

8.4 

21.6 

1.0200 

.8500 

1.8700 

4.70 

.0100 

.0080 

46" 

0.77 

1.4600 

28. 

12.1 

24.2 

1.4000 

.2400 

1.6400 

4.00 

.0100 

.0000 

- 

- 

1.5200 

2», 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

». 

13.8 

10.2 

1.2000 

.2100 

1.4100 

4.18 

.0150 

.0030 

a* 

0.71 

1.6075 

31. 

0.6 

18.0 

1.0100 

.3500 

1.8600 

4.48 

.0100 

.0000 

-' 

- 

1.4460 

AButry  5.— Sample  contained  manganese.    Sewage  pipe  from  lAwrenee  Street  sewer  cleaned  out. 
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Ut^Ulered  Sewage  —  Continaed. 


EVUVJUTIOK. 

AUMQStU. 

e 

'1 
1^ 

Datl 

i 

^ 

£ 

I 

< 

1 

^ 

^ 

1. 

>        •        • 

8.8 

19.4 

1.8400 

.2400 

1.5800 

4.20 

.0100 

.0000 

. 

. 

1.4875 

2. 

12.0 

80.4 

1.5800 

.8909 

1.9000 

4.65 

.0100 

.0040 

48* 

0,68 

1.5625 

8.6 

11.2 

.2100 

.1800 

.8000 

2.08 

.1200 

.0400 

_ 

. 

1.30T$ 

», 

- 

- 

- 

- 

- 

- 

- 

- 

43- 

0.72 

- 

6, 

11.8 

21.0 

1.8900 

.3500 

1.7400 

4.87 

- 

.0000 

- 

- 

1.4025 

T. 

6.6 

18.8 

1.0600 

.1000 

1.8500 

8.98 

- 

.0000 

- 

- 

1.3200 

8. 

8.8 

20.6 

1.8300 

.2600 

1.5000 

4.40 

.0100 

.0000 

46* 

0.80 

1.2425 

». 

8.0 

18.4 

l.lfiOO 

.8000 

1.4500 

4.55 

.0200 

.0100 

- 

- 

1.5075 

10.        , 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

11. 

1.8 

14.2 

.2000 

.1900 

.8900 

2.16 

.0060 

.0000 

- 

- 

1.1700 

M. 

- 

- 

- 

- 

- 

- 

- 

- 

45* 

0,60 

.      - 

13. 

10.0 

17.2 

1.0300 

.2900 

1.3200 

8.57 

.0020 

.0050 

- 

- 

1.1878 

14. 

13.2 

20.8 

1.4800 

.8800 

1.8100 

4.50 

.0040 

.0000 

- 

- 

1.2425 

16, 

18.0 

24.2 

1.4100 

.5000 

1.9100 

6.07 

.0150 

.0000 

- 

- 

1.3575 

16. 

13.0 

22.6 

1.3200 

.8700 

1.6000 

4.70 

.0050 

.0050 

45* 

0,65 

1.6825 

IT. 

-     ' 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

18, 

2.0 

18.4 

.4800 

.0600 

.6000 

1.97 

.0280 

.0200 

- 

- 

1.4850 

!»• 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

20. 

12.0 

19.4 

1.0700 

.2400 

1.3100 

3.68 

.0050 

.0100 

43* 

0.67 

1.360O 

21, 

16.0 

22.6 

1.5200 

.8400 

1.8600 

4.60 

.0080 

.0000 

- 

- 

1.3475 

22. 

11.6 

20.2 

1.7900 

.8200 

2.1100 

4.10 

.0030 

.0100 

- 

- 

1.458S 

28. 

15.0 

18.2 

1.4000 

1.4800 

2.9200 

4.07 

.0100 

.0000 

44* 

o.n 

2.0500 

24, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

.- 

- 

26, 

6.4 

11.0 

.3800 

.1820 

.6120 

1.00 

.0350 

.1500 

- 

- 

1.8506 

26, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

27. 

13.4 

19.4 

1.5900 

.8700 

1.9600 

3.82 

.0100 

•0000 

43* 

0.70 

1.8755 

28, 

. 

11.0 

18.2 

1.4400 

.4900 

1.9300 

4.80 

.0070 

.0000 

- 

- 

1.8305 

Pebniary  4. »  ManganeBe  not  preoent.     February  6.  ~  Present.     Febmary  18.  —  Sewage  pipe  from 
Lawrence  Street  eewer  cleaned  out. 
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ITh/Ktemi  Sewage  —  Continned. 


KflUFeh,  198* 

RsaiDUB  ov 

EVArORATIOV. 

Ajcxovia. 

1 

NlTBOQWf 
AS 

1 

III 

1>ATB. 

1* 

1 

1 

1^ 

< 

1 

S. 

S 

!• 

17.4 

22.4 

1.8000 

.5500 

2.3500 

4.50 

.0100 

.0000 

_ 

• 

1.6880 

s. 

12.8 

22.0 

1.7100 

.3400 

2.0500 

3.72 

.0100 

.0000 

40* 

0.95 

2.0726 

8, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

•- 

- 

*• 

15.0 

20.6 

1.2100 

.3000 

1.5100 

8.00 

.0050 

.0000 

- 

- 

1.9600 

17.2 

33.2 

.8200 

.8200 

M400 

2.40 

.0100 

.0020 

• 

1.7086 

T,        , 

o.< 

23.8 

.7600 

.1800 

.0400 

8.70 

.0050 

.0000 

44- 

0.88 

1.4100 

8. 

7.0 

24.6 

1.3500 

.2800 

1.5800 

8^5 

.0200 

.0000 

- 

- 

1.2925 

»• 

11.8 

18.0 

1.0200 

.3600 

1.9800 

3.72 

.0070 

.0100 

- 

- 

1.4100 

10, 

- 

- 

- 

- 

- 

- 

- 

-■ 

44* 

0.74 

- 

11. 

11.4 

20.4 

1.8100 

.4100 

2.2200 

3.50 

.0100 

.0000 

- 

- 

1.6800 

12. 

11.2 

20.0 

- 

- 

- 

3.00 

- 

- 

AT 

0.71 

- 

13, 

12.2 

ld.0 

1.6800 

.3500 

2.0000 

8.80 

.0070 

.0000 

- 

- 

1.9525 

14,        • 

10.4 

90.0 

1.6000 

.3400 

2.0600 

8.46 

.0800 

.0000 

- 

- 

2.0650 

ifi. 

12.8 

20.0 

1.8000 

.4700 

2.3600 

4.25 

.0100 

.0150 

45* 

0.50 

2.1600 

1«. 

12.8 

20.2 

2.0100 

.5000 

2.5100 

8^ 

.0100 

.0000 

- 

- 

2.2825 

17, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

18, 

15.0 

88.6 

1.2800 

.3300 

1.5000 

2.80 

.0070 

.0000 

- 

- 

2.1150 

1». 

- 

- 

- 

- 

- 

- 

- 

- 

46' 

0.66 

- 

20,        . 

15.2 

10.8 

1.7000 

.4700 

2.2600 

4.05 

.0150 

.0000 

- 

- 

2.1725 

21. 

17.2 

22.6 

2.0200 

.««. 

2.5800 

8.94 

.0100 

.0000 

- 

- 

2.2275 

22. 

18.2 

18.4 

1.7000 

.4300 

3.1300 

8.80 

.0070 

.0000 

- 

- 

2.1325 

28.        . 

24.  . 

25,  . 

20.0 

23.6 

2.3600 

.7300 

2.0O0O 

8.88 

.0120 

.0000 

4r 

0.72 

2.5150 

18.8 

80.2 

2.0000 

.6100 

2.6100 

14.82 

.0100 

.0000 

„ 

_ 

2.6025 

2«,         . 

12.0 

20.8 

1.7000 

.4500 

2.2400 

8.76 

.0100 

.0000 

AT 

0.67 

2.5175 

2T,         . 

18.0 

24.0 

2.3500 

.5000 

2.8500 

6.48 

.0100 

.0040 

- 

- 

2.6075 

28,         . 

14.4 

41.8 

1.0800 

.5000 

2.4800 

11.47 

.0050 

.0000 

- 

- 

2.5460 

2», 

12.0 

21.2 

1.4000 

.4600 

1.8600 

5.18 

.0050 

.0000 

- 

- 

2.3575 

»,         . 

16.8 

26.4 

2.6800 

.6800 

3.3100 

8.88 

.0050 

.0000 

4r 

0.75 

2.0250 

81. 

- 

- 

- 

- 

- 

- 

- 

^ 

- 

- 
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Unfiltered  Sewage  —  Continaed. 


April 

,  1889. 

Rksidds  ox 

EVAPORATIOa. 

1 

NiTRoasv 

AS 

Is 

1- 

1 

is 

!« 

Datb. 

§1 

1 

1 

il 

1 

s 

i 

OS- 

III 

1.        .       .       . 

14.2 

26.6 

1.2000 

.4200 

1.6200 

2.70 

.0050 

.0000 

- 

- 

2.3175 

2, 

. 

- 

- 

- 

- 

- 

. 

45* 

0.81 

- 

a. 

«.8 

63.4 

1.2600 

.4800 

1.7400 

19.40 

.0200 

.0000 

- 

- 

2.1325 

4. 

11.2 

27.4 

1.7900 

.4900 

2.2800 

4.22 

.0150 

.0000 

- 

- 

2.2375 

6>     ' 

14.4 

20.6 

2.0700 

.6000 

3.5700 

4.02 

.0050 

.0100 

- 

- 

2.0525 

<» 

7.4 

20.2 

2.1000 

.3600 

2.4600 

8.95 

.0250 

.0000 

47' 

0.05 

2.2625 

«» 

. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

». 

12.0 

26.2 

1.8600 

.3600 

2.2200 

8.98 

.0050 

.0000 

- 

- 

2.3826 

», 

- 

- 

- 

- 

- 

- 

- 

- 

48* 

0.04 

- 

10, 

9.4 

20.8 

1.8000 

.3500 

2.1500 

4.67 

.0050 

.0000 

- 

- 

2.8500 

11* 

9.0 

22.4 

2.1700 

.4400 

2.6100 

4.76 

.0030 

.0000 

- 

- 

2.3600 

12. 

11.2 

21.6 

2.8800 

.3200 

2.7000 

8.82 

.0050 

.0010 

- 

- 

2.4200 

18. 

19.2 

23.6 

2.1700 

.5800 

2.7500 

4.27 

.0100 

.6000 

49- 

0.75 

2.5525 

14, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

-    , 

16. 

14.8 

27.6 

2.2200 

.5800 

2.8000 

4.02 

.0100 

.0020 

- 

- 

2.7150 

1«. 

- 

- 

- 

- 

- 

- 

- 

- 

51- 

0.65 

- 

17. 

11.8 

26.0 

1.8100 

.4100 

2.2200 

5.45 

.0100 

.0000 

2.6175 

M, 

14.4 

25.2 

2.2200 

.4400 

2.6600 

4.60 

.0100 

.0010 

- 

- 

2.0076 

M. 

13.2 

24.0 

2.4100 

.5400 

2.9500 

4.47 

.0070 

.0000 

- 

- 

2.6576 

M. 

13.2 

23.2 

2.4600 

.6100 

8.0600 

8.58 

.0030 

.0000 

- 

- 

2.7526 

21, 

- 

- 

- 

"" 

- 

- 

- 

- 

- 

- 

- 

22, 

21.6 

26.4 

1.8300 

.5000 

2.8300 

8.49 

.0100 

.0000 

- 

2.7500 

23, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

24, 

12.6 

20.2 

2.3900 

.3600 

2.7400 

4.21 

.0050 

.0000 

- 

- 

2.7700 

26, 

16.2 

20.6 

2.7200 

.4200 

8.1400 

4.05 

.0050 

.0000 

- 

- 

2.8176 

26, 

12.8 

21.4 

2.5600 

.4000 

2.0500 

4.15 

.0050 

.0000 

- 

- 

2.7900 

27, 

14.4 

26.0 

1.6400 

.4100 

2.0500 

6.66 

.0050 

.0000 

- 

- 

2.T200 

28, 
29, 

16.8 

24.4 

2.0800 

.5100 

2.5000 

4.00 

.0150 

.0000 

_ 

- 

2.6825 

», 

- 

- 

- 

- 

- 

- 

- 

- 

57 

0.61 

~ 
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UnfiUered  Sewage  —  Continned. 

Rajr,  ISW. 


Rbsiocb  ov 

EVAK»BATI01«. 

AlCMOaiA. 

j 

HiTBoasv 

AS 

a 

i^ 

i 

Datb. 

i 

1 

1 

|! 

1 

1 

1 

1    •   •   • 

ii.e 

21.8 

2.2100 

.2600 

2.4700 

4.00 

.0060 

.0000 

« 

2.5150 

11.0 

23.6 

1.0400 

.2700 

2.2100 

4.01 

.0000 

.0000 

- 

- 

2.3900 

9.e 

24.0 

2.4400 

.8900 

2.8300 

5.40 

.0000 

.0000 

- 

- 

2.5250 

1«.0 

25.2 

2.8000 

.5400 

2.0300 

4.98 

.0000 

.0000 

- 

- 

2.6100 

17.S 

22.0 

1.0000 

.6600 

2.6600 

4.60 

.0000 

.0000 

. 

„ 

2.6560 

- 

- 

- 

- 

- 

- 

- 

- 

58* 

0.65 

- 

11.0 

22.6 

2.4500 

.3500 

2.8000 

4.20 

.0000 

.0000 

- 

- 

2.8026 

26.2 

20.0 

2.8700 

.5000 

2.9600 

5.48 

.0000 

.0000 

- 

- 

2.6350 

10.   . 

17.6 

25.6 

1.4800 

.3600 

1.8400 

5.24 

.0000 

.0000 

- 

-* 

2.5625 

u.  . 

22.4 

24.0 

2.7100 

.5200 

3.2800 

4.40 

.0000 

.0000 

56" 

0.66 

2.7075 

w.  . 

•   - 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

IS.   . 

21.2 

26.2 

1.0500 

.5800 

2.5300 

5.65 

.0000 

.0000 

- 

- 

2.6400 

14.   . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1*.   . 

16.4 

82.8 

1.7600 

.8000 

2.0600 

8.76 

.0000 

.0000 

- 

- 

2.4150 

1«,   . 

16.2 

24.4 

2.0800 

.4000 

2.4800 

6.12 

.0000 

.0000 

- 

- 

2.5750 

IT.   . 

15.2 

10.8 

2.0000 

.3200 

2.3200 

4.00 

.0000 

.0000 

- 

- 

2.3475 

20.4 

26.6 

1.8000 

.4800 

2.2800 

5.10 

.0000 

.0000 

57* 

0.73 

2.2850 

22.4 

28.0 

1.8500 

.6400 

2.4000 

8.67 

.0000 

.0000 

. 

_ 

2.8925 

a.  . 

- 

- 

- 

- 

- 

- 

- 

- 

. 

. 

- 

tt. 

0.6 

24.0 

1.4000 

.3000 

1.7000 

5.82 

.0000 

.0000 

- 

- 

2.1976 

2*. 

11.4 

27.4 

2.0400 

.2600 

2.3000 

6.30 

.0000 

.0000 

- 

- 

2.1925 

M.   . 

7.6 

27.4 

1.7600 

.3500 

2.1100 

4.57 

.0000 

.0000 

- 

- 

2.1500 

a.  . 

12.6 

25.6 

1.0200 

.4600 

2.8800 

5.22 

.0000 

.0000 

61- 

0.65 

2.1225 

M.   . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

. 

. 

«.   . 

22.0 

24.4 

1.4400 

.5800 

1.0700 

4.22 

.0000 

.0000 

- 

. 

2.1900 

«,   . 

- 

- 

- 

- 

- 

- 

. 

. 

. 

- 

. 

».   . 

U.6 

24.2 

1.0600 

.4800 

2.3000 

4.70 

.0000 

.0000 

- 

- 

2.2126 

».   . 

14.4 

25.2 

2.5000 

.4400 

3.0300 

5.52 

.0000 

.0000 

- 

- 

2.4425 

«.   . 

18.0 

24.0 

2.8000 

.5000 

3.3000 

4.41 

.0000 

.0000 

- 

- 

2.6725 

May  4.  —  Bewage  pipe  from  Lawreno*  Street  sewer  cleaned  oat. 
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Ut^Uend  Sewage — Oontinned. 
<■■•,  law. 


RB8IDCS  OK 

Evaporation. 

Ammoxia. 

1 

KlTBOOU 
AS 

t 

a 

ill 

m 

Datb. 

i 

1 

1 

il 

1 

1 

1 

1, 

26.6 

26.8 

8.190O 

.6600 

8.7700 

5.87 

.0000 

.0000 

60- 

0.71 

8.1236 

2. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

8, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

-    - 

4.        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

.    - 

5,        . 

26.0 

77.8 

2.00QO 

.7200 

2.7200 

4.00 

.0000 

.0000 

- 

- 

8.90150 

6.        . 

85.6 

41.6 

2.1200 

.7600 

2.8800 

6.12 

.0000 

.0000 

- 

- 

3.1675 

7, 

10.0 

22.8 

2.0000 

.4100 

2.4100 

4.30 

.0000 

.0000 

- 

- 

2.9460 

8* 
9. 
10,        , 

28.0 

25.0 

2.0800 

.4800 

2.5100 

5.21 

.0000 

.0000 

or 

0.81 

2.6300 

10.2 

27.2 

2.5200 

.4600 

S.0600 

4.25 

.0000 

.0000 

- 

^ 

2.6050 

11. 

- 

- 

- 

- 

-• 

- 

- 

- 

- 

- 

~ 

12.        . 

41.4 

86.8 

2.0000 

.8600 

2.8600 

5.12 

.0000 

.0000 

- 

" 

2.0900 

13, 

25.8 

28.2 

2.4000 

.5600 

2.9600 

6.63 

.0000 

.0000 

- 

- 

2.8276 

14, 

28.2 

80.4 

2.0000 

.4000 

2.4000 

4.85 

.0000 

.0000 

- 

- 

2.8000 

15, 

17.2 

23.2 

2.7200 

.2000 

8.0100 

4.70 

.0000 

.0000 

64' 

0.72 

2.8075 

18» 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

17, 

25.0 

24.2 

2.8000 

.6700 

3.4700 

4.59 

.0000 

.0000 

- 

- 

2.0600 

18, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

w. 

21.2 

26.4 

2.4000 

.6000 

2.9000 

8.20 

.0000 

.0000 

- 

- 

2.9450 

20, 

23.6 

26.4 

3.8200 

.8600 

4.1700 

5.71 

.0000 

.0000 

- 

- 

8.3S75 

21. 

32.4 

27.8 

3.4000 

.6200 

4.0200 

5.59 

.0000 

.0000 

- 

- 

3.6400 

22, 

21.6 

28.6 

2.9200 

.4200 

8.3400 

5.45 

.0000 

66- 

0.72 

8.6075 

23. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

24, 

25.4 

26.0 

8.4000 

.7800 

4.1800 

4.81 

.0000 

.0000 

- 

- 

8.9275 

26, 

- 

• 

- 

- 

- 

- 

- 

- 

- 

- 

- 

26, 

28.8 

24.4 

2.8000 

.6600 

8.4600 

4.38 

.0000 

.0000 

- 

- 

3.7500 

27, 

88.8 

22.8 

1.7600 

.7600 

2.5200 

5.36 

.0000 

.0000 

- 

- 

3.3750 

28, 

26.0 

22.8 

2.4000 

.5300 

2.9300 

5.52 

.0000 

.0000 

- 

- 

8.2725 

29, 

80.6 

46.0 

2.6800 

.8600 

3.5400 

16.50 

.0000 

.0000 

66- 

0.74 

8.1125 

80, 

- 

- 

- 

- 

- 

- 

- 

- 

-• 

- 

- 
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UnfiUered  Sewage  —  Ckmtinaed. 
ttor,  ISM. 


Rbsious  oir 

BVAPORATIOH. 

Ammovia. 

j 

NlTMOSH 
AS 

i 

i 

Datk. 

§1 

1^ 

i 

1 

|l 

1 

s 

^ 

1. 

a. 

82.4 

80.4 

- 

- 

- 

4.08 

.0000 

.0000 

- 

- 

- 

19.6 

26.0 

1.8600 

.4400 

1.8000 

6.82 

.0000 

.0000 

. 

« 

.  2.0975 

4, 

10.2 

26.6 

1.6400 

.6200 

2.2000 

6.60 

.0000 

.0000 

- 

- 

2.6826 

6,         . 

16.0 

84.4 

8.1200 

.6200 

8.6400 

6.87 

.0000 

.0000 

- 

- 

2.8100 

8,         . 

10.        . 

28.6 

22.2 

2.6000 

.6800 

8.2800 

4.80 

.0000 

.0000 

66' 

0.63 

2.7460 

28.4 

25.6 

2.8200 

.0200 

8.2400 

4.68 

.0000 

.0600 

- 

- 

3.1050 

20.6 

87.6 

1.6800 

.7400 

2.4200 

9.74 

.0000 

.0000 

. 

. 

3.1460 

11, 

26.6 

86.2 

8.0000 

.7000 

8.7900 

11.01 

.0000 

.0000 

- 

- 

3.1825 

12.        . 

18.0 

22.8 

3.2400 

.6000 

8.8800 

6.01 

.0000 

.0000 

- 

- 

8.8200 

13,        . 
IS,        . 

80.4 

20.8 

3.4800 

.9100 

4.3900 

7.42 

.0000 

.0000 

64- 

0.66 

8.6075 

26.8 

82.8 

1.7200 

.7700 

2.4000 

6.04 

.0000 

.0000 

. 

. 

3.0250 

w. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

w, 

82.4 

24.8 

2.0200 

.6000 

8.6200 

6.41 

.0000 

.0000 

- 

- 

8.5675 

M. 

22.8 

88.4 

2.7200 

.7200 

8.4400 

6.21 

.0000 

.0000 

- 

~ 

3.4600 

w. 

22.4 

21.2 

2.4800 

.6600 

8.1400 

6.18 

.0000 

.0000 

- 

- 

8.1476 

20, 
21 

26.4 

T0.4 

.8100 

.7000 

1.6400 

1.44 

.0000 

.0000 

- 

2.0100 

a. 

23.4 

28.2 

2.4000 

.7000 

8.1000 

4.62 

.0000 

.0000 

^ 

. 

2.8050 

23. 

- 

- 

- 

- 

- 

- 

- 

- 

_ 

- 

- 

«*, 

24.6 

67.2 

2.0800 

.6200 

2.7000 

.  4.72 

.0000 

.0000 

- 

- 

2.6200 

25. 

2S.2 

84.4 

2.2800 

.7100 

2.9900 

6.10 

.0000 

.0000 

- 

- 

2.5826 

». 

16.4 

24.8 

2.6800 

.4800 

8.1100 

6.49 

.0000 

.0000 

- 

- 

2.9750 

2T, 

18.8 

26.8 

3.8200 

.8600 

3.6700 

4.97 

.0000 

.0000 

- 

„ 

8.1176 

2«. 

- 

. 

- 

« 

. 

. 

- 

- 

1  . 

. 

- 

29. 

21.6 

40.0 

2.2000 

.8000 

2.6000 

3.70 

.0000 

.0000 

- 

- 

8.0675 

», 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

81. 

42.0 

67.2 

1.4000 

.6100 

2.0100 

4.07 

.0000 

.0000 

- 

- 

2.8225 

July  2.— B«wag«  pipe  from  LAwreoce  Street  eewer  cleaned  oul. 
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A«s«»i,  ism 

Kksioub  ow 

EVAPOBATIOS. 

Ammohia. 

! 

KlTBOOMT 
AS 

a 

u 

1 

1 

PATB. 

§1 
I' 

k 

i 

1 

is 

1 

s 

1 

1.           . 

16.2 

84.0 

1.6800 

.3800 

2.0600 

8.87 

.0000 

.0000 

. 

. 

2.5600 

2. 

18.0 

84.0 

1.7200 

.5300 

2.2600 

4.60 

.0000 

.0000 

- 

- 

2.2050 

8, 
4. 
6. 

22.8 

48.2 

2.2000 

.4800 

2.6800 

5.68 

.0000 

.0000 

- 

- 

2.2500 

19.2 

34.8 

1.7200 

.4800 

2.2000 

7.21 

.0000 

.0000 

. 

- 

2.2975 

«. 

- 

- 

- 

- 

- 

- 

- 

- 

66* 

0.74 

- 

T. 

18.2 

22.8 

2.0400 

.6800 

2.7200 

4.88 

.0000 

.0000 

- 

- 

2.4625 

8. 

26.2 

85.0 

2.0200 

.6600 

2.6800 

6.40 

.0000 

.0000 

- 

- 

2.3200 

«> 

22.8 

28.4 

2.2000 

.7000 

2.9000 

5.63 

.0000 

.0000 

- 

- 

2.6300 

10. 

27.0 

80.2 

2.8300 

1.3300 

3.6600 

4.58 

.0000 

.0000 

67* 

0.69 

2.9950 

11. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

12. 

27.2 

29.4 

2.2000 

.6700 

2.8700 

4.65 

.0000 

.0000 

- 

- 

8.0325 

18. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

• 

- 

u> 

16.0 

40.2 

.4600 

.3900 

.8500 

2.25 

.0000 

.0000 

- 

- 

2.5750 

15. 

U.4 

83.6 

1.3000 

.8800 

1.6800 

5.31 

.0000 

.0000 

- 

- 

2.2650 

16, 

17.6 

29.2 

1.8000 

.4400 

2.2400 

5.74 

.0000 

.0000 

- 

- 

1.9100 

17, 

22.8 

26.8 

1.9000 

.5000 

2.4000 

8.91 

.0000 

.0000 

64' 

0.82 

1.7925 

18. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1». 

27.4 

28.4 

1.8000 

.0300 

2.4300 

6.42 

.0000 

.0000 

- 

- 

2.1875 

20. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

21. 

- 

- 

2.0000 

.5200 

2.6200 

4.84 

.0000 

.0000 

- 

- 

2.3975 

22, 

- 

- 

2.1000 

.7000 

2.8000 

4.56 

.0000 

.0000 

- 

- 

2.5375 

23, 

- 

- 

- 

- 

- 

11.94 

.0000 

.0000 

- 

- 

- 

24, 

- 

- 

2.1200 

.9000 

3.0200 

4.74 

.0000 

.0000 

66* 

0.65 

2.6925 

2«. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

28. 

- 

- 

2.3500 

.7700 

8.1200 

5.32 

.0000 

.0000 

- 

- 

2.8660 

27, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

28. 

- 

- 

2.1200 

.8800 

8.0000 

4.45 

.0000 

.0040 

- 

- 

2.9850 

29, 

- 

- 

2.0000 

.  JOOO 

2.7000 

4.85 

.0000 

.0000 

- 

- 

2.9600 

80, 

- 

- 

2.0000 

.8500 

2.8500 

5.03 

.0000 

.0000 

- 

- 

2.9175 

81, 

87.6 

86.4 

2.8300 

1 

1.0000 

3.3300 

4.20 

.0000 

.0000 

66* 

0.6S 

2.9700 

AagOBt  27.  — Bewage  pipe  from  Lawreooe  Street  sewer  cleaned  oat. 
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a«*«ra>bm,  ISM. 


Bbsisub  on 

EVAFORAnOV. 

AJCMOiriA. 

j 

NlTBOOKV 
AS 

1 

14 

Dati. 

1-' 

i 

1 

i^ 

1 

S 

1 

1.    . 

4.        . 

SS.2 

20.4 

1.8800 

.8700 

2.2000 

4.61 

.0000 

.0000 

- 

- 

2.7700 

s. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

4,       . 

ao.o 

20.2 

1.6000 

.4700 

1.9700 

8.10 

.0000 

.0000 

- 

- 

2.5876 

*.       . 

- 

- 

2.1000 

.8200 

2.0200 

4.72 

.0000 

.0000 

- 

- 

2.8060 

•,       . 

22.4 

28.2 

1.8800 

.7000 

2.0300 

8.12 

.0000 

.0000 

- 

- 

2.2800 

86.4 

80.0 

2.0000 

1.1400 

8.1400 

8.10 

.0000 

.0000 

86* 

0.78 

2.5160 

82.8 

27.8 

1.8000 

1.0000 

2.8000 

6.80 

.0000 

.0000 

- 

- 

2.7226 

10,       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

11,        . 

84.2 

41.2 

2.4000 

.7800 

8.1800 

18.08 

.0000 

.0000 

- 

- 

2.7826 

U       . 

41.8 

88.2 

2.8800 

1.2700 

4.1000 

6.21 

.0000 

.0000 

- 

- 

8.9000 

«,       . 

42.0 

82.0 

2.5000 

.0800 

8.4800 

7.60 

.0000 

.0000 

- 

- 

8.3726 

H      . 

105.8 

244.8 

1.8600 

2.8000 

4.2600 

8.68 

.0000 

.0000 

65* 

0.80 

8.7350 

l»,      . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1%     . 

41.2 

75.2 

1.9000 

1.0400 

2.9400 

4.46 

.0000 

.0000 

- 

- 

3.6800 

17.       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

w,     . 

25.0 

88.8 

.8800 

.7000 

1.5800 

8.24 

.0000 

.0000 

- 

- 

8.0450 

1»,       . 

84.8 

51.2 

.5800 

.9000 

1.4800 

2.11 

.0000 

.0000 

- 

- 

2.5526 

».       . 

19.8 

29.6 

1.7000 

.7400 

2.4400 

5.18 

.0000 

.0000 

- 

- 

2.1000 

n.     . 

18.4 

26.0 

2.0000 

.4800 

2.4800 

6.81 

.0000 

.0000 

66' 

0.77 

1.9850 

a.     . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

». 

84.8 

40.8* 

2.2000 

1.0000 

8.2000 

4.48 

.0000 

.0000 

- 

- 

2.3950 

M. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

», 

24.4 

22.8 

2.0000 

.8400 

2.0400 

4.80 

.0000 

.0000 

- 

- 

2.6900 

«. 

28.8 

81.8 

2.1200 

.9200 

8.0400 

6.16 

.0000 

.0000 

- 

- 

2.8400 

STi 

22.4 

84.0 

2.0000 

.9500 

2.9600 

6.41 

.0000 

.0000 

- 

- 

2.9576 

- 

- 

2.6000 

2.0000 

4.6000 

4.90 

.0000 

.0000 

68- 

0.68 

3.2826 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 
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Vnj&iered  Sewage— Coa&nnei. 


' 

RlSIDOB  0« 

Evaporation. 

Amicomxa. 

1 

KiTBOOBir 
AS 

s 

1 

!!1 

Datb. 

1' 

1 

1 

|1 

1 

^ 

s 

1. 

S0;8 

82.0 

1.7060 

.5100 

2.2100 

8.72 

.0000 

.0000 

« 

„ 

3.1760 

2. 

24.2 

86.4 

2.0000 

.8600 

2.8600 

4.68 

.0000 

.0000 

- 

- 

3.1276 

«. 

27.0 

29.6 

2.7600 

.7800 

8.6800 

5.84 

.0000 

.0000 

- 

- 

8.2TS8 

4. 

28.8 

28.4 

2.2M0 

.7200 

2.9700 

6.28 

.0000 

.0000 

- 

- 

2.S000 

6. 
7. 

40.1 

80.8 

2.1S00 

i.oaoo 

8.1700 

4.28 

.0000 

.0000 

61* 

0.68 

3.1300 

18.0 

26.2 

1.4000 

.8900 

1.7200 

8.06 

.0100 

.0020 

^ 

_ 

T.8478 

8, 

22.0 

82.0 

2.0000 

.6600 

2.5600 

6.28 

- 

- 

- 

- 

2.6060 

•. 

44.8 

41.8 

2.2000 

.9000 

8.1500 

6.58 

- 

- 

- 

- 

2.0500 

10. 

28.0 

28.8 

2.0000 

.5800 

2.5800 

6.76 

.0000 

.0000 

- 

- 

2.5086 

11. 

28.8 

24.2 

2.0000 

.7900 

2.7900 

4.97 

- 

- 

- 

- 

2.7700 

18. 

82.0 

23.8 

1.7600 

.8000 

2.5500 

4.88 

.0000 

.0004 

69* 

0.68 

2.7676 

22.2 

28.2 

2.0000 

.7600 

2.7500 

4.88 

.0000 

.0000 

„ 

« 

2.6876 

w, 

20.8 

25.8 

2.0000 

.    .6300 

2.6300* 

4.94 

.0000 

.0000 

- 

- 

2.6800 

1«. 

29.2 

28.6 

1.7000 

.9400 

2.6400 

,   4.27 

- 

- 

- 

- 

2.6486 

n. 

48.8 

84.8 

2.2d00 

1.8300 

8.5800 

4.65 

.0000 

.0000 

- 

- 

2.9000 

M. 

21.2 

28.6 

1.9000 

.6700 

2.5700 

4.94 

- 

- 

- 

- 

2.8560 

w, 

84.4 

80.4 

2.3000 

.9000 

8.2000 

4.51 

.0000 

.0000 

68* 

0.77 

2.9976 

20. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

n. 

18.8 

28.2 

1.5000 

.4700 

1.9700 

5.70 

.0000 

.0000 

- 

- 

2.S300 

M. 

23.8 

22.4 

1.9000 

.6600 

2.5600 

4.98 

- 

- 

- 

- 

2.5760 

28. 

27.2 

28.6 

1.8000 

.6900 

2.4900 

4.43 

.dooo 

.0000 

- 

. 

2.5560 

24. 

80.8 

26.2 

1.8000 

.6200 

2.4200 

4.82 

.0000 

.0004 

- 

. 

2.3600 

26. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

28. 

- 

- 

1.9000 

.7600 

2.6600 

4.17 

.0000 

.0000 

61* 

0.70 

2.680O 

27. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

28, 

86.2 

80.8 

1.8500 

.9200 

2.7700 

4.50 

.0000 

.0000 

. 

- 

2.5826 

28, 

80.4 

68.8 

.8500 

.6700 

1.6200 

8.79 

- 

- 

- 

- 

2.3400 

80. 

- 

. 

1.7500 

.8200 

2.5700 

8.99 

.0000 

.0000 

- 

- 

2.3775 

81, 

81.0 

26.4 

2.2500 

.7700 

8.0200 

4.76 

.0000 

.0000 

- 

- 

2.4700 

For  monthly  mTeragM  Me  pp.  86  mnd  86. 
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Mmmuury,  IMS. 


SEWAGE. 

Febmarj,  1888. 


RismUB  ox 

EVAPOEATIOV. 

AmioiriA. 

Datb. 

Smidub  ov  1 

EVAPOKATXOV. 

Amicoxu. 

DATm. 

i! 

1 

1 

oi 

1 

i 

1 

1 

|1 

a 

CO 

1.    .        . 

4.80 

16.00 

1.0600 

.1600 

1.2000 

1,.       . 

8.00 

10.40 

.6000 

.1300 

.7200 

2,    .        . 

- 

- 

- 

- 

- 

2.  .        . 

- 

- 

- 

- 

- 

3,     .        . 

2.80 

16.00 

.8000 

.1300 

.9800 

8.  .        . 

3.40 

11.80 

.7900 

.1700 

.9600 

4,    .        . 

- 

- 

- 

- 

- 

4.  .       . 

- 

- 

- 

- 

- 

5.    .        . 

7.40 

19.80 

1.4000 

.2000 

1.6000 

6,  .       . 

6.20 

12.00 

.7400 

.1100 

.8600 

6.    .        . 

- 

- 

- 

- 

- 

6..        . 

- 

- 

- 

- 

- 

7.    . 

- 

- 

- 

- 

7..       . 

14.00 

24.60 

- 

- 

- 

8,    .        . 

6.80 

16.00 

1.2400 

.1600 

1.3000 

8.  .        . 

11.00 

16.00 

1.2800 

.2500 

1.6800 

».    .        . 

- 

- 

- 

- 

- 

»,  .        . 

- 

- 

- 

- 

10,    .        . 

10.00 

16.20 

1.7900 

.2000 

1.9900 

10.  .        . 

6.00 

6.60 

.3400 

.0400 

.3800 

n,  . 

- 

- 

- 

- 

11..        . 

- 

- 

- 

- 

12.    .        . 

4.00 

14.80 

1.8000 

.8300 

l.OSOO 

12,.        . 

10.80 

9.00 

.8100 

.0800 

.8900 

13.    .        . 

0.40 

17.00 

1.6000 

.1600 

1.0600 

13..        . 

- 

- 

- 

- 

- 

14.    .        . 

- 

- 

- 

- 

14..        . 

26.40 

6.00 

.6500 

.1700 

.8200 

15,    .        . 

- 

- 

- 

- 

- 

16.  .       . 

18.40 

16.80 

1.7800 

.8400 

2.1200 

W,    .        . 

4.00 

16.00 

1.4300 

.1800 

1.6100 

16,  .        . 

- 

- 

- 

- 

- 

17.    .       . 

4.40 

16.80 

1.2700 

.1800 

1.4600 

17.  .       . 

6.40 

9.66 

.9300 

.1500 

1.0800 

18,    .        . 

- 

- 

- 

- 

- 

18,.        . 

- 

- 

- 

- 

- 

W,    .        . 

- 

- 

- 

- 

- 

19,  .        . 

- 

- 

- 

- 

- 

20.    .        . 

4.40 

14.00 

.7400 

.0110 

.7610 

20,  .        . 

6.40 

16.00 

2.1800 

.3300 

2.6100 

21,    .       . 

- 

- 

_ 

- 

- 

21,  .        . 

18.80 

16.80 

2.1400 

.2900 

2.4800 

22,    .       . 

4.00 

12.40 

1.2400 

.0900 

1.8800 

22,.        . 

9.00 

11.00 

.0900 

.1900 

.8800 

28.    .       . 

- 

- 

_ 

- 

- 

28,.        . 

6.20 

8.80 

.8200 

.0700 

.3900 

24.    .       . 

4.20 

11.80 

.0400 

.1000 

.8000 

24,  .       . 

8.60 

12.20 

.8200 

.1600 

.9800 

26.    .       . 

8.00 

11.00 

.0000 

.0000 

.7600 

26,.        . 

8.60 

14.80 

.6300 

.0900 

.6200 

2ft.    .       . 

- 

- 

- 

- 

- 

26,  .        . 

10.00 

16.40 

.9900 

.1500 

1.1400 

27,    .       . 

2.00 

13.00 

.6300 

.0700 

.0000 

27,  .        . 

8.00 

10.60 

.7600 

.1400 

.8000 

28,    .       . 

- 

- 

- 

- 

- 

28,  .        . 

- 

- 

- 

- 

- 

».    .       . 

6.40 

9.80 

.7600 

.1100 

.8000 

29,.        . 

9.00 

9.20 

.6700 

.1000 

.7700 

»,    .       . 

-     , 

- 

- 

- 

- 

29,.        . 

6.80 

14.60 

.7600 

.1200 

.8700 

«,    .        . 

3.80 

10.20 

.6000 

.0700 

.6700 
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HteMh 

.  18M. 

AFrtl, 

1888. 

RB8IDUS  OH 
EVATOHATIOH. 

AmioHiA. 

Date. 

Rksiddb  ov 
Etapobatiox. 

Ammoxia. 

Datb. 

§1 

1^ 

1 

i 

i 

1 

§1 

1^ 

i 

Hi 

i 

if 

1 

1.    .       . 

_ 

_ 

_ 

. 

« 

1,.       . 

10.00 

18.40 

1.6800 

.1600 

1.7300 

2.    .       . 

2.70 

18.20 

.1200 

.0200 

.1400 

2,.       . 

2.40 

15.80 
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7.00 

56.00 

1.3700 

.2000 

1.5700 

7,    .       . 

10.60 

25.40 

2.4200 

.1200 

2.5400 

7.  .        . 

7.40 

24.60 

1.3700 

.1600 

1.5300 

8,    .        . 

11.00 

44.20 

2.7600 

.1500 

2.9100 

8.  .        . 

12.80 

25.40 

1.4300 

.2300 

1.6600 

».    .        . 

7.80 

21.40 

1.9600 

.1600 

2.1100 

9.  .        . 

- 

- 

- 

- 

- 

10.     .        . 

9.60 

87.00 

1.5500 

.2200 

1.7700 

10.  .        . 

10.40 

26.40 

1.4000 

.1800 

1.5W0 

11,    .        . 

- 

- 

- 

- 

- 

11..        . 

13.20 

24.80 

1.0400 

.2600 

1.3000 

12,    .        . 

0.20 

22.20 

1.8300 

.1800 

2.0100 

12..        . 

14.20 

27.20 

.8600 

.1400 

1.0000 

13,     .        . 

- 

- 

- 

- 

* 

13..        . 

8.80 

25.00 

1.7300 

.1300 

1.8600 

14.    .        . 

8.00 

24.60 

2.2000 

.2200 

2.4200 

14..        . 

10.10 

24.70 

1.4100 

.1600 

1.6700 

16,    .        . 

8.20 

23.60 

2.4500 

.2200 

2.6700 

16..        . 

16.00 

16.60 

.7800 

.1000 

.8800 

1«,-  .        . 

10.00 

23.40 

2.1800 

.1800 

2.8600 

16,  .        . 

- 

- 

- 

- 

- 

17.    .        . 

13.40 

56.60 

1.8500 

.2400 

2.0900 

17,  .        . 

4.60 

18.20 

.2800 

.0500 

.2800 

18.    .        . 

- 

- 

- 

- 

- 

18,.        . 

- 

- 

- 

- 

- 

19,    .        . 

6.20 

23.40 

2.6200 

.2100 

2.8300 

19,  . 

- 

- 

- 

- 

- 

20,    .        . 

- 

- 

- 

- 

- 

20,  .        . 

- 

- 

- 

- 

- 

21,     .        . 

4.60 

16.60 

.7000 

.1300 

.8300 

21,.        . 

- 

- 

- 

- 

- 

22,    . 

7.20 

23.80 

1.1300 

.1100 

1.2400 

22.  .        . 

6.00 

25.00 

1.9000 

.1800 

1.2TM 

23.    .        . 

11.40 

28.20 

1.6500 

.2100 

1.7600 

23.  .        . 

- 

- 

- 

'    - 

- 

24,    .        . 

9.60 

21.40 

1.4900 

.3300 

1.8200 

24.  .        . 

- 

- 

- 

- 

- 

26,    .        . 

- 

- 

- 

- 

- 

26..        . 

- 

- 

- 

- 

26.    .        . 

18.80 

24.20 

1.7700 

.1800 

1.9500 

26..        . 

7.40 

21.80 

.7800 

.8000 

1.5300 

27.    .        . 

- 

_ 

- 

- 

- 

27..        . 

10.40 

24.40 

1.6200 

.2200 

1.7400 

28.    .        . 

6.80 

16.20 

.4800 

.0900 

.6700 

28..        . 

6.00 

22.20 

1.2800 

.2200 

1.5000 

29,    .       . 

11.40 

24.60 

.9200 

.0900 

1.0100 

29,.        . 

5.60 

21.80 

1.1300 

.1800 

1.3100 

30.    .        . 

4.20 

29.20 

1.0000 

.0900 

1.0900 

80.  .        . 

- 

- 

- 

- 

- 

31..        . 

8.80 

28.80 

1.8100 

.1400 

1.4500 
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Filtered  Sewage —  Continued. 


J«B«»ry 

,  1M9. 

FebnuuT 

,!•»•. 

llRAIDUR  OH 
EVAPOBATIOS. 

Amxohia. 

Dam. 

RbMDUB  OK 

Evaporation. 

lUTB. 

it 

1 

i 

|1 

1 

'§1 
1^ 

1 

1 

1^ 

1 

!•    .        . 

• 

. 

« 

. 

. 

1..       . 

T.80 

19.20 

1.3000 

.1200 

1.4200 

2,    .        . 

7.40 

22.20 

i.oaoo 

.1000 

1.2100 

2,  .       . 

11.80 

19.80 

1.4300 

.1600 

1.6000 

3,    .        . 

8.10 

17.50 

.9000 

.1000 

1.0000 

8,.        . 

- 

" 

- 

- 

- 

4,    .        . 

o.ao 

21.80 

1.3000 

.2300 

1.0200 

4..       . 

8.20 

12.80 

.2400 

.1100 

.8500 

t.    .        . 

11.00 

28.40 

1.2200 

.1700 

1.8900 

5..        . 

- 

- 

- 

- 

- 

«.    .        . 

- 

- 

- 

- 

- 

«.  .        . 

8.40 

20.60 

1.4200 

.2100 

1.6300 

7,    .       . 

12.40 

24.00 

1.4400 

.1700 

1.6100 

7,.        . 

4.00 

18.00 

1.0000 

.1500 

1.1500 

«.    .       . 

- 

- 

- 

- 

- 

8,  .        . 

6.40 

19.20 

1.280O 

.1700 

1.4000 

»•    .       . 

8.40 

24.20 

1.0200 

.1400 

1.1600 

0..       . 

6.00 

17.80 

1.1000 

.2100 

1.8100 

10.    .       . 

10.80 

24.20 

1.2300 

.0900 

1.3200 

10,  .        . 

- 

- 

- 

- 

- 

11,    .       . 

11.00 

23.80 

1.1700 

.1200 

1.2900 

11,.        . 

1.60 

13.60 

.1000 

.0100 

.1100 

12,     .        . 

U.OO 

22.80 

1.0900 

.1600 

1.2500 

12,.       . 

- 

- 

- 

- 

- 

13,     .       . 

- 

- 

- 

- 

- 

18,.        . 

8.00 

17.60 

1.0900 

.1800 

1.2700 

14,     .       . 

11.60 

27.00 

1.0200 

.1300 

1.1500 

14,  .        . 

9.40 

20.60 

1.4000 

.1100 

1.5100 

15,    .        . 

- 

- 

- 

- 

- 

16,  .        . 

9.60 

21.60 

1.4200 

.2100 

1.6300 

M,    .        . 

11.10 

22.60 

1.3300 

.1600 

1.4900 

16..        . 

9.00 

20.00 

1.3300 

.1800 

1.6100 

17,    . 

9.40 

21.00 

1.1500 

.1800 

1.3300 

17.  .        . 

- 

- 

- 

- 

- 

M.    .        . 

6.40 

20.20 

.5300 

.1300 

.0600 

18,.        . 

1.80 

18.20 

.4200 

.0300 

.4500 

W.    .        . 

5.40 

22.80 

.9400 

.1300 

1.0700 

19,.        . 

- 

- 

- 

- 

- 

20.    .       - 

- 

- 

- 

- 

- 

20,.        . 

11.20 

17.20 

1.1800 

.1400 

1.3200 

21,    .       . 

8.40 

16.20 

.6200 

.1100 

.7300 

21..        . 

8.80 

19.20 

1.4700 

.1900 

1.6600 
?8800 

22.    .        . 

- 

- 

- 

- 

- 

22,  .        . 

6.00 

18.60 

1.6900 

.1900 

»,    .        . 

U.OO 

21.40 

1.1500 

.1800 

1.2800 

28.  .        . 

11.00 

14.40 

.3400 

.2500 

.6900 

M,    .        . 

8.60 

21.00 

1.0700 

.0900 

1.1600 

24.  .        . 

- 

- 

- 

- 

- 

2S.    .       . 

8.20 

20.60 

1.2500 

.1100 

1.8600 

25.  .        . 

2.60 

11.20 

.8600 

.0380 

.8980 

2ft,    .        . 

7.80 

10.80 

1.0000 

.1500 

1.1600 

26.  .        . 

- 

- 

- 

- 

- 

27,    .       . 

- 

- 

- 

- 

- 

27..        . 

9.60 

18.40 

1.6400 

.2600 

1.8000 

28.    .       . 

10.40 

25.20 

1.3300 

.1200 

1.4500 

28,.        . 

7.80 

17.00 

1.3500 

.2200 

1.5700 

28.    .       . 

- 

- 

- 

- 

- 

»,    .       . 

12.80 

20.00 

1.1200 

.1500 

1.2700 

Jl.    .       . 

8.80 

18.40 

l.llOO 

.1600 

1.2700 
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Filtered  Sewage — C!ontinued. 


KaMli, 

18M. 

April,  18M. 

BisrouB  OK 

EVAPOBATtOK. 

Amxoxia. 

Datb. 

EVAPOSATIOV. 

AxHonA. 

DATS. 

§1 

5^ 

1 

1 

1^ 

1 

i 

1 

1 

|1 

'5 

1 

1,     . 

11.00 

20.40 

1.7800 

.2100 

1.9400 

1.  .       . 

7.00 

19.40 

1.0900 

.1200 

1.2100 

2,    .        . 

10.20 

18.40 

1.6700 

.8100 

1.8800 

2.  .        . 

- 

- 

- 

- 

- 

»,  .     . 

- 

- 

- 

- 

- 

8.  .       . 

8.40 

46.00 

1.2800 

.8800 

1.6100 

4,    .       . 

ii.eo 

19.00 

1.1700 

.2600 

1.4800 

4.  .       . 

7.20 

19.40 

1.6200 

.8300 

1.8500 

5.    .       . 

- 

- 

- 

- 

- 

6,.       . 

6.40 

19.80 

2.0000 

.1700 

2.2600 

«.    .       . 

8.80 

21.00 

.8100 

.2000 

1.0100 

6.  .        . 

6.60 

17.40 

2.0600 

.2200 

S.27D0 

7.    .       . 

6.40 

16.60 

.6600 

.1400 

.8000 

7..        . 

- 

- 

- 

- 

- 

8.    .       . 

6.20 

16.80 

1.8600 

.2200 

1.6700 

8..        . 

6.40 

20.40 

1.9300 

.1800 

2.1000 

9,    .       . 

10.20 

16.10 

1.6600 

.2100 

1.7600 

9,  .        . 

- 

- 

- 

- 

- 

10,    .       . 

- 

- 

- 

- 

- 

10,  .        . 

6.60 

20.60 

2.0800 

.2600 

2.2800 

11.    .       . 

7.80 

19.00 

1.7600 

.2600 

2.0000 

11,  .        . 

8.80 

21.80 

2.1800 

.2800 

2.3600 

12.    .        . 

9.40 

18.40 

- 

- 

- 

12.  .        . 

8.80 

20.20 

2.0600 

.2800 

2.2800 

13.    .        . 

8.00 

18.80 

1.6200 

.2600 

1.7700 

13.  .        . 

11.20 

21.40 

2.1800 

.2800 

2.4100 

14.    .        . 

7.00 

18.20 

1.7400 

.2100 

1.9500 

14..        . 

- 

- 

- 

- 

- 

16.    .        . 

9.20 

18.40 

1.8800 

.2600 

2.1300 

16..        . 

6.40 

22.40 

2.1000 

.2100 

2.3100 

16.    .        . 

8.80 

18.80 

1.9700 

.2000 

2.1700 

16,.        . 

- 

- 

- 

- 

- 

17.    .        . 

- 

- 

- 

- 

- 

17..        . 

8.40 

28.40 

1.7800 

.8700 

2.1500 

18.    .        . 

7.20 

19.00 

1.2000 

.0900 

1.2900 

18.  .       . 

8.00 

24.00 

2.2500 

.2000 

2.4500 

19.    .        . 

- 

- 

- 

- 

19.  .        . 

8.00 

21.60 

2.8500 

.2900 

2.6400 

30,    .        . 

10.40 

19.00 

1.8500 

.8000 

2.1600 

20.  .        . 

7.60 

19.00 

2.2800 

.2600 

2.6300 

21,  .^    . 

22.  .        . 

12.00 

20.80 

2.0600 

.8500 

2.4000 

21,.        . 

- 

- 

- 

-    • 

- 

9.80 

17.80 

1.8100 

.2000 

2.1000 

22,.        . 

11.60 

22.80 

1.9300 

.2300 

2.1600 

28,  \        . 

18.80 

21.40 

2.1200 

.8700 

2.4900 

28,.        . 

- 

- 

- 

- 

- 

24,    .        . 

- 

- 

- 

- 

- 

24,.        . 

9.80 

10.40 

2.8100 

.1700 

2.4800 

26,    .        . 

10.40 

89.00 

2.0000 

.4100 

2.4100 

26,.        . 

10.40 

20.00 

2.6600 

.2800 

2.7800 

28,    .        . 

6.80 

19.00 

1.7300 

.2300 

1.9600 

26,.        . 

12.60 

21.20 

2.4600 

.2600 

2.noo 

27,    .        . 

9.00 

22.40 

2.8400 

.8100 

2.6600 

27,.        . 

12.00 

25.20 

1.6800 

.2200 

1.0000 

28,    .       . 

6.80 

88.00 

1.7500 

.2600 

2.0100 

28,  .       . 

- 

- 

- 

- 

- 

29.    .       . 

9.20 

19.40 

1.3800 

.1800 

1.6700 

29,.        . 

9.20 

20.80 

2.1800 

.2700 

2.4S00 

80,    .       . 

12.00 

24.20 

2.3800 

.4100 

2.8000 

80.  .        . 

- 

- 

- 

- 

- 

31.    .        . 

- 

- 

- 

- 

- 
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Filtered  iSeuKijre  —  ContinaecL 


MiUr,  1 

L8M. 

J 

BM,  18M 

Rbbidub  osr 
Btaposatioh. 

AmiOKZA. 

DATS. 

BUIDUB  ON 
BTAPOBAnOX. 

Amxowia. 

DATS. 

§2          . 

1*  1 

1 

i^ 

«< 

1 

1-' 

1 

i 

." 

^ 

1»     . 

9.20 

21.60 

1.1900 

.1600 

1.8400 

1..          . 

18.6 

31.6 

8.0000 

.2700 

8.3700 

«.     .         . 

e.M 

23.30 

1.9900 

.1600 

3.1600 

2,.       . 

- 

- 

- 

- 

- 

»,     .         . 

6.40 

22.80 

2.4300 

.1900 

3.6200 

a,.     . 

- 

- 

- 

- 

- 

4,    .        . 

12.00 

24.00 

2  8700 

.3600 

3.6300 

4.  .       . 

- 

- 

- 

- 

- 

4.    .        . 

- 

- 

- 

-    . 

- 

»»  .       . 

10.3 

30.4 

2.0000 

.suo 

3.3100 

«.    .        . 

13.20 

21.00 

1.8300 

.3600 

3.0800 

6,  .        . 

16.6 

26.8 

2.0000 

.8000 

3.8000 

T,    .       . 

- 

- 

- 

- 

- 

7.  .        . 

8.8 

21.6 

2.0000 

.2600 

3.3600 

«.    .        . 

7.00 

30.00 

3.4800 

.2000 

2.680O 

8,  .        . 

16.4 

22.0 

1.9600 

.3600 

3.2100 

».    .       . 

lO.M 

96.80 

2.8800 

.8400 

2.7200 

»,  .        . 

- 

- 

- 

- 

10.    .        . 

is.ao 

36.60 

1.4800 

.2300 

1.7000 

10,  .        . 

16.4 

23.8 

2.0000 

.3600 

2.4600 

11,    .        . 

10.00 

31.60 

3.6800 

.8900 

2.9600 

11..       . 

- 

- 

- 

- 

- 

w,  .     . 

- 

- 

- 

- 

- 

12,.        . 

16.4 

19.8 

2.0000 

.3700 

2.2700 

18.    .        . 

16.00 

36.40 

3.0400 

.3600 

2.3000 

13..        . 

16.3 

33.0 

2.1600 

.2600 

2.4200 

14.    .        . 

- 

- 

- 

- 

- 

14,.        . 

17.2 

36.4 

2.0400 

.0900 

2.1800 

14.    .        . 

8.40 

31.60 

1.6800 

.1900 

1.8700 

16..        . 

16.8 

34.0 

2.6100 

.1600 

2.7900 

16.    .        . 

13.20 

38.40 

3.0000 

.3200 

2.2200 

16,.        . 

- 

- 

- 

- 

- 

17,    .        . 

13.00 

19.80 

1.9200 

.1900 

2.1100 

17,.        . 

16.0 

21.6 

2.7200 

.3800 

2.9600 

18,    .        . 

14.00 

34.20 

1.8800 

.2000 

2.0800 

18,.        . 

- 

- 

- 

- 

- 

»,    .        . 

- 

- 

- 

- 

- 

19..        . 

14.6 

27.0 

2.4O0O 

.3000 

2.6000 

»,    .        . 

17.00 

31.40 

1.8100 

.2900 

2.1000 

30..        . 

10.8 

22.4 

8.1600 

.3700 

8.4300 

21,    .       . 

- 

- 

- 

- 

- 

31..        . 

18.8 

23.0 

8.2000 

.3800 

3.6800 

J2.    .        . 

8.00 

23.40 

- 

.1600 

- 

33,.        . 

16.4 

22.8 

2.6800 

.2700 

2.9500 

».    .       . 

10.40 

36.80 

1.9600 

.1800 

2.1400 

23,.        . 

- 

- 

- 

- 

- 

M,    .       . 

7.40 

34.80 

1.8400 

.2000 

2.0400 

34,  .        . 

14.8 

22.0 

3.2000 

.4100 

3.6100 

tt,    .       . 

12.20 

36.00 

1.9600 

.3800 

2.2400 

36,.        . 

- 

- 

- 

- 

- 

«.    .       . 

- 

- 

- 

- 

- 

36..        . 

18.8 

31.2 

2.8000 

.8200 

8.1200 

n,    .       . 

10.40 

24.60 

1.4000 

.8300 

1.7800 

37,.        . 

34.4 

24.8 

1.7200 

.8600 

2.0600 

«.    .       . 

- 

- 

- 

- 

- 

38..        . 

20.0 

21.2 

2.4000 

.8100 

2.7100 

».    . 

12.00 

31.80 

1.9600 

.2200 

2.1800 

39,.        . 

30.4 

88.8 

2.6800 

.2800 

2.9600 

».    .       . 

14.40 

36.30 

2.3600 

.2600 

2.6100 

80,.        . 

- 

- 

- 

- 

- 

31,    .       , 

18.80 

23.40 

3.8000 

.3800 

8.0800 

Digitized  by 


Google 


120 


FILTRATION  OP  SEWAGE. 


Filtered  Sewage — Continoed. 


I«l7,  1M». 

Aocoirt,  18M. 

BBUDUB  Off 

Etapobatiok. 

AmioxiA. 

Datb. 

UsaiDUB  OH 
EVAPOBATION. 

Ammoxia. 

Datb. 

i 

1 

1 

|l 

1 

i 

1 

i 

Jl 

i 

1,  .    . 

18.0 

24.8 

« 

„ 

_ 

1.  .       . 

10.8 

24.0 

1.6000 

.1700 

1.7700 

2,    .       . 

- 

- 

- 

- 

- 

2,.       . 

9.8 

25.0 

1.680O 

.1400 

1.8200 

S,    .       . 

16.0 

23.2 

1.8600 

.2200 

1.5800 

8,  .       . 

16.2 

29.2 

2.1200 

.2200 

2.3400 

4.    .       . 

8.6 

24.0 

- 

- 

- 

♦».       . 

- 

- 

- 

- 

- 

5.    .       . 

11.8 

28.8 

2.7600 

.4400 

8.2000 

fi.  .       . 

18.4 

80.8 

1.6000 

.3600 

1.9600 

•*    .       . 

16.4 

19.8 

2.6000 

.8100 

2.9100 

•p.       . 

- 

- 

- 

- 

- 

T,    .       . 

- 

- 

- 

- 

- 

7..       . 

11.8 

21.4 

1.920O 

.8200 

2.2400 

•.    .       . 

16.8 

S8.0 

2.8600 

.8100 

2.6700 

8..       . 

11.8 

25.6 

2.0000 

.3000 

2.3000 

».    .       . 

- 

- 

- 

- 

- 

9.  .       . 

16.2 

25.6 

2.1000 

.3400 

2.4400 

10.    .       . 

90.4 

86.6 

1.6800 

.8100 

1.9900 

10..        . 

21.6 

28.8 

2.8300 

.5000 

2.8300 

11.    .       . 

14.0 

80.2 

8.0000 

.2800 

8.2800 

11.  .        . 

- 

- 

- 

- 

- 

w.  .     . 

16.6 

20.0 

2.7200 

.4300 

8.1600 

12..       . 

15.2 

28.6 

2.1000 

.2700 

2.3700 

IS.    .       . 

18.4 

27.0 

8.0800 

.8400 

8.4200 

18.  .        . 

- 

- 

- 

- 

- 

14.    .       . 

- 

- 

- 

- 

- 

14..       . 

11.4 

23.0 

.4700 

.1500 

.6200 

16.    .       . 

19.4 

24.4 

2.0500 

.8600 

2.4100 

16,  .       .- 

12.8 

21.6 

1.4000 

.2000 

1.66^ 

1«,    .        . 

- 

- 

- 

- 

- 

16,.        . 

8.8 

27.2 

1.7700 

.2000 

2.0600 

IT.    .       . 

14.4 

25.4 

2.72)0 

.8400 

8.0600 

17,.        . 

18.0 

19.6 

1.9000 

.8000 

2.2000 

18,    .       . 

12.4 

24.4 

2.6000 

.6000 

8.1000 

18,.        . 

- 

- 

- 

- 

- 

1»,    .       . 

14.8 

20.8 

2.6200 

.8200 

2.8100 

19, ..        . 

20.4 

25.4 

1.8000 

.3200 

2.1200 

20.    .       . 

7.6 

16.4 

.7200 

.2100 

.9300 

20,  .        . 

" 

- 

- 

- 

21,    .        . 

- 

- 

- 

- 

- 

21.  .        . 

- 

- 

2.0000 

.3400 

2.S400 

22.    .        . 

22.0 

26.0 

2.4000 

.2600 

2.6600 

22,.        . 

- 

- 

2.0000 

.4300 

2.4800 

28.    .       . 

- 

- 

- 

- 

- 

28..        . 

- 

- 

- 

- 

- 

24,    .       . 

10.8 

22.0 

1.0600 

.8000 

8.2600 

24.  .        . 

- 

- 

2.1200 

.5000 

2.6S0O 

26.    .        . 

19.2 

21.6 

2.2000 

.2600 

2.4500 

26,.        . 

- 

- 

- 

- 

- 

26,    .       . 

10.4 

24.6 

2.6800 

.2500 

2.9300 

26,  .        , 

- 

- 

2.3700 

.4600 

2.8200 

2T,    .        . 

12.8 

21.8 

8.0000 

.3800 

3.3300 

27,  . 

- 

• 

- 

- 

- 

2S,    .        . 

- 

- 

- 

- 

- 

28,  . 

- 

- 

2.0500 

.4500 

2.6000 

20,    .       . 

14.8 

23.4 

2.3000 

.1700 

2.4700 

29,  .        . 

- 

- 

2.0000 

.8700 

2S700 

80.    .       . 

- 

- 

- 

- 

- 

30,.        . 

- 

- 

2.0000 

.6000 

2.6000 

81,    .       . 

11.2 

26.2 

1.4000 

.1600 

1.5600 

81,  . 

14.8 

24.8 

2.8300 

.4700 

2.8000 
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Fittered  Setoage — Continued. 


18M. 

Rksiddb  ox 

EVAPOBATIOV. 

AMMOnA. 

Datb. 

Rmidub  ok 
evapokatzok. 

AXHONIA. 

I>XTB. 

§1 

1^ 

1 

1 

i 

1 

.1* 

1 

1 

1' 

1 

!•      .         . 

„ 

« 

. 

. 

.   » 

1..    . 

14.0 

81.4 

1.7000 

.2800 

1.9800 

2,      .        . 

18.0 

26.4 

1.3S00 

.5000 

1.8800 

2.  .       . 

12.0 

24.6 

1.9000 

.4000 

2.8000 

8.     .        . 

- 

- 

- 

- 

- 

8.  .        . 

16.8 

24.4 

2.7500 

.5200 

8.2700 

4,     -        . 

16.0 

26.4 

1.4300 

.4300 

1.8600 

4,  .       . 

14.4 

25.2 

2.2600 

.8800 

2.6300 

6.     .        . 

- 

- 

1  2.0000 

.3600 

2.3000 

6.  .       . 

23.2 

23.6 

2.1500 

.4500 

2.6000 

«.    .        . 

18.2 

27.4 

!  1.3300 

.4300 

1.7600 

e, .     . 

- 

- 

- 

- 

- 

T.     .        . 

10.6 

21.0 

2.1000 

.8800 

2.4800 

7.  .       . 

11.6 

10.6 

1.4000 

.4700 

1.6700 

»,     .        . 

- 

- 

- 

- 

- 

8.  .       . 

18.2 

29.6 

2.0000 

.2800 

2.2800 

»•     .        . 

20.8 

28.4 

1.7000 

.5200 

2.220O 

».  .       . 

81.4 

27.0 

2.1800 

.5000 

2.6500 

10,     .       . 

- 

. 

- 

. 

- 

10,.       . 

14.6 

26.2 

2.0000 

.4800 

2.4800 

11,     .        . 

18.4 

85.6 

2.2000 

.4400 

2.6400 

11..        . 

17.2 

21.6 

2.0000 

.4300 

2.4300 

12.     .        . 

18.4 

24.0 

2.7300 

.7000 

8.4800 

12,.       . 

20.0 

24.4 

1.7500 

.6000 

2.2500 

13,    .        , 

16.0 

27.6 

2.3500 

.5800 

2.8800 

13,.       . 

- 

- 

- 

- 

- 

14.    .        . 

20.2 

56.0 

1.8000 

.5200 

1.8200 

14,.       . 

14.4 

22.0 

2.0000 

.8800 

2.3800 

15,    .        . 

- 

- 

- 

- 

- 

15,.        . 

16.6 

24.0 

2.0000 

.5000 

2.5000 

16,    .        . 

22.4 

26.4 

1.0000 

.5000 

2.4000 

16..        . 

22.4 

25.2 

1.7500 

.6600 

2.4100 

17.    .        . 

- 

- 

- 

- 

- 

17,  .        . 

18.4 

22.8 

2.1500 

.4200 

2.5700 

18,    . 

11.0 

20.2 

.9000 

.4600 

1.8600 

18,.        . 

16.0 

24.0 

2.0000 

.4000 

2.4000 

M.    .        . 

10.8 

18.2 

.4000 

.3400 

.7400 

19,.        . 

18.0 

28.6 

2.8000 

.4000 

2.7000 

20,    . 

16.0 

25.2 

1.6600 

.5000 

2.1000 

20..        . 

- 

- 

- 

- 

- 

21.    .        . 

16.0 

25.2 

1.8000 

.1400 

1.0400 

21,.        . 

12.8 

22.4 

1.6000 

.8100 

1.8100 

22,    .        . 

- 

- 

- 

- 

- 

a, .      . 

17.0 

22.2 

1.9000 

.4500 

2.8500 

28.    .        . 

28.2 

80.0 

2.1000 

.5400 

2.6400 

28,  .        . 

21.2 

20.8 

1.8000 

.4700 

2.2700 

24.    .        . 

- 

- 

- 

- 

- 

24,  .        . 

17.6 

19.2 

1.8000 

.8200 

2.1200 

25,    .        . 

12.4 

22.0 

•2.0000 

.4600 

2.4600 

25.  .        . 

- 

- 

- 

- 

- 

2«,    .        . 

10.0 

26.4 

2.1200 

.4500 

2.5700 

26.  .        . 

- 

- 

1.7500 

.8900 

2.1400 

27.    .        . 

14.4 

28.2 

2.0000 

.4600 

2.4500 

27.  .        . 

- 

- 

^- 

- 

- 

28.    .        . 

- 

- 

2.5000 

.5700 

8.0700 

28.  .        . 

17.6 

21.2 

1.8500 

.4100 

2.2600 

2ft,    .        . 

- 

- 

- 

- 

- 

20,  .        . 

17.2 

89.2 

.8500 

.8900 

1.2400 

80.    .        . 

- 

- 

- 

- 

- 

80.  .        . 

- 

- 

1.7500 

.4400 

2.1900 

81,  .        . 

19.6 

23.2 

2.2500 

.4300 

2.6800 

For  monthly  avenges  see  pp.  35  and  86. 
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FILTER  TA:N^KS  Nos.  12,  13  ai^d  14. 


Three  galvanized  iroa  tanks,  numbered  12,  13  and  14,  haying  a 
horizontal  area  of  one-hundredth  of  that  of  No.  1,  or  one  twenty- 
thousandth  of  an  acre,  were  filled  to  the  same  depth,  and  with  the 
same  kind  of  material,  as  Tank  No.  1.  They  were  placed  within 
the  long  building  at  the  station,  and  were  consequently  not  exposed 
to  snow,  and  only  occasionally  to  a  temperature  as  low  as  freezing. 

Effect  of  Pouring  Hot  Water  upon  Filtering  Materiai^. 

Tanks  Nos.  13  and  14  were  filled  with  sand  thrown  into  water  in 
the  same  manner  as  No.  1 ;  but  in  filling  Tank  No.  12  hot  water 
was  used.  The  lower  seven  inches  of  assorted  gravel  and  sand 
were  placed  in  the  tank  on  Feb.  10,  1888,  and  sufficient  water 
to  saturate  it  was  poured  over  it  at  a  temperature  of  202°  Fah. 
This  water  was  taken  directly  from  a  boiler  where  it  had  been  boil- 
ing an  hour  or  more.  On  February  13,  twenty-four  gallons  of 
water  at  207°  were  poured  into  the  tank  from  a  boiler  where  it 
had  been  boiling,  and  into  this  was  sprinkled  sand  until  it  appeared 
above  the  water ;  then  six  gallons  more  of  boiled  water,  at  the  same 
temperature,  were  added,  and  sufficient  sand  to  fill  the  tank  to  five 
feet  and  seven  inches  above  the  bottom.  The  water  stood  in  the 
sand  three  days,  and  upon  being  drawn  out  it  was  found  to  contain 
seven  bacteria  per  cubic  centimeter. 

Sewage  was  first  applied  on  February  16.  On  the  fifth  day  after, 
the  number  of  bacteria  in  the  effluent  was  36,950 ;  on  the  seventh 
day,  635,160 ;  and  on  the  ninth  day,  757,500  per  cubic  centimeter, 
while  the  average  number  in  the  sewage  for  the  previous  week  was 
919,150.  The  number  of  bacteria  in  the  effluent  of  No.  12  was  at 
this  time  twice  the  number  ever  found  in  that  of  No.  13  and  three 
times  the  number  in  No.  14,  and  for  the  following  two  months  the 
number  found  in  the  effluent  of  No.  12  was  many  times  the  number 
found  in  any  other  similar  material.     The  cause  appeara  to  be  that. 
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while  boiling  the  water  first  applied  undoubtedly  killed  all  the  bac- 
teria wbich  it  coDtainedy  it  also  prepared  its  organic  matter  to  be  a 
good  food  for  bacteria ;  and  probably  the  scattering  of  sand  into 
water  at  207°  also  prepared  the  organic  matter  of  the  sand  to 
support  bacteria. 

Effect  of  Applying  Different  Quantities  of  Sewage  to 

Similar  Filters. 

With  the  exception  of  heating  the  water  first  applied  to  the  sand 
of  No.  12,  — which  appears  to  have  had  no  permanent  efifect  upon 
its  purifying  efficiency,  —  the  conditions  of  No.  12,  No.  13  and 
No.  14  were  identical ;  and  we  have  now  to  see  the  effect  of  apply- 
ing to  similar  tanks  very  different  quantities  of  sewage. 

After  sewage  reached  the  outlet,  —  which  in  No.  12  was  Feb. 
19,  1888;  in  No.  13,  March  2;  and  in  No.  14,  March  1,  — sew- 
age was  applied  daily,  for  several  months,  at  the  rate  of  30,000 
gallons  per  acre  on  No.  12,  60,000  gallons  per  acre  on  No.  13  and 
120,000  gallons  per  acre  on  No.  14. 

Each  tank  stored  nearly  the  same  amount  of  impurity  before  the 
effluent  increased  rapidly  in  ammonia. 

From  No.  12  the  sum  of  the  ammonias  for  57  days  averaged 
0.0386  parts  per  100,000,  or  3  per  cent,  of  the  sum  of  the  am- 
monias of  the  applied  sewage.  From  No.  13,  for  23  days,  the 
ammonias  averaged  0.0413  parts,  or  5  per  cent,  of  those  of  the 
sewage  ;  and  from  No.  14,  for  14  days,  they  averaged  0.1155  parts, 
or  12  per  cent,  of  those  of  the  sewage. 

During  these  periods  the  nitrates  were  low  in  each,  being  less 
than  0.045  parts  in  100,000,  and  generally  about  0.020  parts.  At 
the  end  of  these  periods  the  ammonias  of  each  began  to  increase 
more  rapidly  than  previously. 

Beginning  of  Nitrification. 

Nitrification  began  to  increase  in  these  tanks,  and  in  No.  1  of  the 
same  material,  at  about  the  same  time,  —  March  26  to  30,  —  when 
the  temperature  of  the  ejSuent  was  at  39^  or  40^  Fah. 

The  time  during  which  sewage  had  been  applied  to  each,  previous 
to  the  increase  in  nitrification,  and  the  average  daily  quantity  ap- 
plied per  acre,  together  with  the  total  quantity  of  sewage  applied 
up  to  this  time  and  the  average  percentage  which  the  ammonias  of 
the  efiluent  have  borne  to  those  of  the  sewage,  aro  as  follows  :  — 
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KuvBKK  or  Tahk. 


Knmb«r  of 
Days  on  which 

Sewage 
had  been  ap- 
plied. 


Arenge  Dally 

Quantity 

applied  per 

Acre. 

Oalloni. 


ToUl 
Qnantlty  of 

Sewage 

applied  per 

Acre. 

Oalloni. 


RjiUoof 
Average  Am- 

montaa 
of  Effloent  to 

those  of 
tbeMcwage. 


1, 

12, 
13, 
14. 


77 
41 
81 
J7 


89,800 

83,000 

02,000 

124,400 


8,064,800 
1,877,000 
1,022,000 
8,358,800 


0,37 
0.08 
0.06 
0.20 


During  the  next  three  weeks,  with  temperature  of  effluent  from 
390  to  450,  the  nitrates  increased  from  0.025  parts  per  100,000  to 
0.250  parts ;  after  which,  with  temperature  from  45°  to  50^,  they 
increased  much  more  rapidly,  and  were  the  highest  for  the  season 
May  6  to  10,  when  they  became  from  2.5  to  3.0  parts  per  100,000. 

Eapidity  and  Completeness  of  Nitrification  Greatest  where 
THE  Most  Nitrogenous  Matter  is  Stored. 

The  two  tanks,  among  all  experimented  upon  in  which  the 
nitrates  first  increased  with  the  greatest  rapidity  and  first  attained 
their  maximum  for  the  year,  were  the  two  tanks  filled  with  the  sand 
of  coarse,  even  grain,  through  which  the  air  could  most  freely  pass, 
which  had  received  the  greatest  amount  of  sewage  and  which  pre- 
sumably had  the  greatest  amount  of  impurity  stored  in  them,  viz., 
Tanks  No.  14  and  No.  1.  The  same  two  tanks,  —  and  the  one  hav- 
ing the  most  impurity  stored  taking  the  lead,  —  were  the  first  to 
have  their  ammonias  removed  from  the  effluent  and  to  reach  an 
established  condition  of  purification  through  nitrification. 

The  effluent  from  No.  14  decreased  in  ammonias  rapidly  from  April 
15,  when  they  were  0.G690  parts,  to  May  11,  when  they  were  0.0150 
parts,  and  were  only  three-tenths  of  one  per  cent,  of  those  of  the  sew- 
age. That  from  No.  1  decreased  in  ammonias  from  April  20,  when 
they  were  0.3990  parts,  to  May  23,  when  they  were  0.0112  parts,  and 
were  seven-tenths  of  one  per  cent,  of  those  of  the  sewage.  That  from 
No.  13  decreased  in  ammonias  from  April  25,  when  they  were  O.5250 
parts,  to  May  31,  when  they  were  0.0102  parts,  and  were  but  five- 
tenths  of  one  per  cent,  of  those  of  the  sewage  ;  and  that  from  No.  12, 
which  had  received  the  least  amount  of  sewage,  did  not  begin  to  de- 
crease in  ammonias  until  May  11,  when  they  were  0.3780  parts,  and 
continued  decreasing  much  less  rapidly  than  the  others  to  June  18  — 
more  than  a  month  after  No.  14  —  when  they  were  0.0210  parts, 
which  is  one  and  three-tenths  per  cent,  of  those  of  the  sewage. 

It  is  to  be  observed  in  comparing  these  four  tanks  of  like  material, 
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that,  iiuring  the  first  three  weeks  or  more  in  which  the  nitrates  were 
increasing,  the  ammonias  also  increased  and  became  the  highest  in 
the  effluents  from  the  tanks  in  which  the  greatest  amount  of  organic 
matter  had  been  stored  ;  and  that  the  purification  of  the  effluents 
from  organic  matter,  as  shown  by  the  ammonias,  began  first  and 
progressed  most  rapidly  in  those  tanks  in  which  there  was  stored  the 
greatest  amount  of  organic  matter.  The  potency  of  the  process  of 
purification  by  nitrification  appears  in  these  cases  to  depend  directly 
upon  the  actual  amount  of  organic  master  stored  in  the  filter. 

Gexbbal  Diagram  of  the  Nitrates  and  Ammonias  of  Axl  the 

Filters. 

That  we  may  see  more  clearly  the  relation  of  nitrification  and 
purification  from  nitrogenous  organic  matter  in  the  effluent  from  the 
several  filters,  the  accompanying  diagram  is  presented,  showing  the 
temperature  of  the  effluent  from  Tank  No.  1,  and  the  nitrates  of 
the  applied  sewage  and  of  the  effluent  from  each  of  the  tanks,  and 
the  sum  of  the  ammonias  of  the  sewage  and  of  the  effluent  from 
each  of  the  tanks,  throughout  the  year  1888. 

It  will  be  noticed  that,  in  order  to  make  clear  the  representation 
of  both  the  nitrates  and  ammonias,  when  they  are  very  small,  the 
scales  of  each  between  0  and  0.06  parts  per  100,000  are  five  times 
as  lai^  as  for  greater  quantities. 

This  diagram  will  be  reiferred  to  as  the  Diagram  of  Nitrates. 

The  First  Month  of  Purification. 

During  the  month  after  each  of  the  tanks  of  coarse   sand  had 

reached  an  established  condition  of  purification  through  nitrification, 

the  quantities  of  sewage  applied  daily  continued  as  before,  and  the 

characteristics  of  the  effluents  are  expressed  in  the  following  table  :  — 


I)ate-188«. 

Qaantlty  of 

Gallons  per 
Acre. 

Average 

of 
Nitratei. 

Average 

5nan  or  Takk. 

From 

To 

of 
Ammonias. 

1 

12 

IS,      .       •         • 

14,      .       .        ♦         • 

May    23. 
June  18, 
May    81, 
May    11, 

Jaoe  23, 
Joly   18. 
jQDe  80, 
June  11. 

80,000 

80.000 

60,000 

120,000 

Sewage, . 

Per  cent.. 

Sewage, . 
Effluent. 
Per  cent.. 

Sewage, . 
Bfflaent, 
Per  cent.. 

Sewage, . 
Efflnent, 
Per  cent.. 

0.008 
O.W78 

0.007 
1.044 

0.008 
1.0S4 

0.008 
1.257 

1.8000 
0.0134 
0.7  of  1 

1.8948 
0.0196 
1. 

1.78.'J6 
0.0119 
0.7  of  1 

1.9535 
0.0210 
1.1 
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The  tables  of  daily  results  with  these  tanks  may  be  found  at  the 
end  of  this  section. 

The  general  results  with  Tank  No.  12  by  monthly  averages,  show- 
ing the  character  of  sewage  and  effluent,  are  given  in  the  following 
table :  — 


Monthly  Averages  of  Daily  Results  with  Tank  No,  12. 


isss. 

Tebmary  16-23, 
February  16-29, 


Feb.  24-Mar.  23, 
March,       . 


lfar.24-Apr.22, 
April, 


Apr.  23-Mn7  24, 
May,  .        .        . 


May  25-Jane  22, 
June, . 


Juno  23-Jaly  19, 
July  1-26,  . 


Ja1y24.AQg.l2, 
August,     . 


Au|f.l3-Sept.l0, 
September, 


Sept.  11-Oot.  12, 
Octviber,     . 


Oct.  13-Nov.  23, 
November, 


Xov.24-Dee.24, 
December, 

Dee.  25- Jan.  24, 
January,    . 


Jan.  25-Feb.  21, 
February, . 


Feb.22-Mar  25, 
March,       . 


Sewage,  . 
Kffluent, . 
Per  cent., 

Sewage,  . 
Effluent, . 
Per  cent.. 

Sewage,  . 
Effluent, . 
Per  cent., 

Sewage,  . 
Effluent. . 
Per  cent., 

Sewage,  . 
Effluent, . 
Per  cent., 

Sewage,  . 
Effluent, . 
Per  cent., 

Sewage,  . 
Effluent, . 
Per  cent.. 

Sewage,  . 
Effluent, . 
Per  cent.. 

Sewage,  . 
Effluent, . 
Per  cent., 

Sewage,  . 
Effluent, . 
Pvr  cent.. 

Sewage,  . 
Effluent, . 
Per  cent , 


Sewage^  . 
Effluent, . 
Per  cent.. 

Sewage,  . 
Effluent, . 
Per  cent.. 

Sewage,  . 
Effluent, . 
Per  cent., 


2.06 


1.41 


1.62 


1.51 


1.51 


1.58 


1.50 


1.50 


1.61 


1.50 


RB«IDUa  OK 
EVAPO  RA- 
TIOS. 


IS 


16.62 
8.93 
24 

16.09 
2.41 
15 

38.23 
3.29 
9 

42.09 
14.08 
33 

17.38 
11.16 
64 

15.26 
6.91 
45 

85.08 
3.94 
11 

70.75 
4.61 

7 

22.69 

4.79 
21 

16.37 
8.26 
20 

19.12 
2.12 
11 


11.95 
1.32 
11 

9.75 
1.35 
14 

13.27 
1.07 
8 


18.16 

8.86 

67 

19.65 

8.92 

45 

46.26 
12.76 


47.27 
17.00 
36 

23.60 
27.61 
117 

25.76 
27.20 
106 

84.88 
30.66 
89 

85.19 
84.03 
40 

89.37 
25.48 


31.10 
23.36, 
75 

30.44 
25.77 

85 


24.69 
85.07 
142 

19.42 
27.55 
142 

22.27 
26.78 
120 


|1 


1.2980  . 

.01551  . 

1          I  6 

.5414,  . 

.0234  . 

4  2. 


4000 
0244 


1.1370 

.1350 

12 


4004 
0118 
9 

.7230 
.0152 


1.1229   1 
.2808' 

25         I  1 

1,2819 
.0560 

4 

1.7174 
.0062 
.4orl 

2.6115 
.0098 
.4ofl   8, 


2980 
,0158 
2 

.8643 
.0102 

!.8 


2.6986, 

.5212 

19 

1.9970 
1.2622 


2.0867 
1.8325 


1.1844 

1.8556 

157 


1.1355 

.6420 

56 

1.1225 

.0203 

1.8 

1.5713 
.0041 
.8afl 


.0105 
!.9 

.8265 
,0257 
1 

,0352 
0380 


.6730 
.0307 
.4 

.4240 
.0374 


12 


.2978 
.0360 


,6980 
.0399 


.»418 
.0350 


8600 
1502 


4209 


6462 
0671 


0842 
0167 
8ofl 

4380 
0355 


5592 
6700 


5107 
8699 


4S22 
8816 


2.74 
1.98 


2.18 
2.00 


3.22 
3.02 


3.54 
3.27 


4.36 
8.18 


5.61 
6.81 


6.90 
6.96 


9.82 
10.23 


7.75 
7.73 


7 
6.50 


5.61 
4.76 


.3154     1.4500 

.0210     6.6630 

7  46 


.2830 

.0127 

4.6 

.4443 

.0110 
2.5 


1.4055 

.0330 

2.3 

2.0156] 
.0151 
.7ofl 


4.42 
5.01 


4.06 
4.11 


4.14 
3.61, 


NiTBOaBN 


.007 
.018 


.007 
.015 


.007 
.143 


.008 
1.650 


.007 
1.000 


.008 
1.153 


.008 
.175 


.009 


.008 


.023 
.807 


.021 
1.713] 


.016 
1.450 


.Oil 
1.406 


.0029 
.0043; 


.0042 


.0024 
.0152 


.0006 
.0129 


.0002 
.0062 


.0000 
.0024 


.0000 
.0000 


.0000 
.0000  I 


.0000 
.0000 


.0000 
.0004 


.0025 
.0216 


.0052 
.0049 


.0081 
.0035 


4r 


66- 


45* 


M1,0&8         I 

69,657 

_  I 

4,078 


891 


20.527 


J27 


18 


19 


1.684 


118 
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InteimitteDt  filtrntion  of  sewage  continued  with  this  tank  from 
February  16  to  July  26,  1888.  In  the  last  month  the  ejffluent  was  a 
clear,  bright  and  colorless  water,  containing  less  free  and  albuminoid 
ammonia  than  ordinary  public  drinking  water  supplies. 

The  organic  matter  of  the  sewage  was  being  nearly  all  burned 
up,  99.2  per  cent,  of  the  nitrogenous  organic  matter  being  removed, 
as  shown  by  the  sum  of  the  ammonias ;  and  the  nitrogen  of  the 
nitrates  of  the  elSuent  contained  52  per  cent,  of  the  total  nitrogen 
of  the  sewage. 

Filter  No.  12  Changed  from  Intermittent  to  Continuous 

Filtration. 

On  July  27  the  outlet  of  Tank  No.  12  was  closed  and  the  tank 
filled  with  sewage ;  after  which,  for  four  months,  the  surface  of  the 
sand  was  kept  covered  with  sewage,  and  the  same  quantity  as  pre- 
viously applied  was  daily  drawn  through  the  tank.  The  conditions 
of  the  filter  were  thus  changed  from  intermittent  filtration  —  in  which 
the  sewage  was  applied  once  in  a  day  and  disappeared  from  the  sur- 
face within  a  minute,  and,  accompanied  with  air,  slowly  moved  in 
thin  laminae  over  the  particles  of  sand  —  to  continuous  filtration, 
in  which  the  surface  was  continually  covered  with  sewage,  so  that 
DO  air  could  enter,  and  the  liquid,  as  it  passed  down  through  the 
sand,  filled  all  of  the  space  between  the  particles. 

The  first  marked  result  due  to  the  change  in  method  of  filtration 
was  the  immediate  and  continued  decrease  in  the  nitrates,  which, 
taken  at  intervals  of  three  and  four  days,  were  as  follows  :  1.250, 
1.050,  0.750,  0.400,  0.260,  0.060  and  0.020  pai-ts  per  100,000  ;  and 
at  the  end  of  a  month  the  nitrates  entirely  disappeared. 

The  ammonias,  which  had  been  0  0158  parts  in  100,000,  were 
immediately  doubled;  and  then  continued  nearly  a  month  with 
little  increase,  reaching  0.0464  parts.  During  the  second  month 
they  increased  rapidly,  reaching  0.9460  parts,  or  about  one-third 
of  those  of  the  sewage ;  and  in  the  third  month  they  reached  1.7790 
parts,  or  nearly  two-thirds  of  those  of  the  sewage ;  and  at  the  end 
of  the  fourth  month  they  reached  2  2200  parts,  or  five-sixths  of 
those  of  the  sewage. 

During  the  three  months  after  the  nitrates  were  reduced  to  zero, 
they  continued  low,  averaging  about  0.010  parts  per  100,000. 

There  appears  to  be  a  definite  and  sufficient  reason  why  the  am- 
monias of  the  effluent  did  not,  after  nitrification  ceased,  grow  to  be 
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equal  to  those  of  the  applied  sewage,  in  the  fact  observed,  that  there 
was  much  animal  life  in  the  sewage  covering  the  sand,  which,  with- 
out doubt,  lived  upon  the  organic  matter  therein.  That  the  ammo- 
nias of  the  sewage  covering  the  sand  were  less  than  the  average  of 
the  ammonias  of  the  sewage  applied  in  the  previous  week  was  ob- 
served on  several  occasions.  In  the  third  month  they  were  found 
to  be  but  three-quarters  of  those  of  the  applied  sewage  ;  and  in  the 
fourth  month,  but  five-sixths  of  those  of  the'applied  sewage.  Hence 
we  find  that  the  ammonias  of  the  effiuent,  at  the  end  of  the  fourth 
month,  though  but  five-sixths  of  those  of  the  applied  sewage,  were 
equal  to  those  of  the  sewage  as  it  stood  upon  the  top  of  the  sand. 

The  peculiar  condition  of  the  ammonias  during  this  time  should 
be  noted. 

The  albuminoid  ammonia,  which,  during  July,  had  averaged  0.0105 
parts,  or  two  and  nine-tenths  per  cent,  of  that  of  the  sewage,  was, 
three  days  after  filling  the  tank  with  sewage,  increased  to  0.0278 
parts,  and  during  the  month  of  August  averaged  0.0257  parts  ;  but 
the  albuminoid  ammonia  of  the  sewage  had  increased  in  nearly  the 
same  ratio,  so  that  the  0.0257  parts  was  but  3  per  cent,  of  that  of 
the  sewage. 

Again,  in  September,  the  albuminoid  ammonia  of  the  effluent  was 
higher,  averaging  0.0380  parts ;  but,  owing  to  a  greater  increase  in 
the  sewage,  this  was  but  2  per  cent,  of  that  of  the  sewage. 

In  October,  November  and  December,  the  albuminoid  ammonia 
of  the  sewage  decreased  rapidly,  averaging  monthly  0.5730  parts, 
0.4240  parts  and  0.2978  parts  ;  while  that  of  the  effluent  was  nearly 
constant,  averaging  0.0307,  0.0374  and  0.0360  parts,  or  5.4  per 
cent.,  9  per  cent,  and  12  per  cent,  of  that  of  the  sewage. 

The  free  ammonia,  which  in  July  was  0.0062,  did  not  increase 
for  three  weeks  after  the  tank  was  filled  with  sewage;  while  the 
nitrates  were  decreasing  rapidly  from  1.250  parts  to  0.020  parts; 
but  the  free  ammonia  increased,  in  the  two  following  weeks,  from 
0.0046  to  0.0208  at  the  end  of  August,  and  then  increased  rapidly 
through  September  to  1.7400  parts,  averaging  for  the  month  0.5212 
parts,  or  19  per  cent,  of  that  of  the  sewage.  For  the  next  two 
months  it  continued  to  increase,  averaging,  for  October,  1.2622 
parts,  or  63  per  cent.,  and  for  November,  1.8325  parts,  or  88  per 
cent.,  of  that  of  the  sewage.  On  November  26,  the  free  ammonia 
of  the  effluent  was  2.1700  parts,  and  the  albuminoid  ammonia  was 
0.0500  parts  and  the  nitrates  0.0070  parts. 
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Continuous  filtration  resulted  in  a  complete  cessation  of  the 
burning  up  of  the  nitrogenous  organic  matter  of  the  sewage.  Some 
of  this  was  stored  in  the  filter,  thus  reducing  the  albuminoid  ammo- 
nia of  the  effluent,  but  the  sum  of  ammonias  grew  to  be  as  great  as 
those  in  the  sewaoje  on  the  surface.  The  effluent  became  somewhat 
turbid  and  had  a  strong  odor. 

Intermittent  Filtration  Eesumed. 

On  November  28  the  sewage  was  drained  from  the  tank  and 
inteimittent  filtration  resumed.  The  nitrates  immediately  increased 
as  follows  :  December  1,  0.0300 ;  3,  0.0500 ;  6, 0.1200 ;  10,  0.2300  ; 
17,  0.2600  ;   24,  0.4000 ;  and  31,  1.0200. 

The  free  ammonia  continued  for  two  weeks  above  2.0000  parts, 
and  then  gradually  fell  in  the  remainder  of  the  month  to  1.8900 
parts;  averaging  for  the  month  1.8556  pails,  which  was  157  per 
cent,  of  that  of  the  sewage  applied  in  this  month. 

The  albuminoid  ammonia  varied  but  little  from  the  previous 
month  and  averaged  0.0360  parts,  or  12  per  cent,  of  that  of  the 
sewage.  The  quantity  of  sewage  applied  continued  the  same  for 
this  and  the  next  three  months  as  it  had  been  in  the  previous  eight 
months, —  1.5  gallons  a  day,  or  the  equivalent  of  30,000  gallons 
per  acre  per  day. 

XiTROGzxous  Matter  Stored  in  the  Filter  during  Continuous 
Filtration  is  now  Being  Removed. 

During  January ,  1889,  the  nitrates  continued  to  increase  to  2.3000 
parts,  and  averaged  1.7130  parts;  they  were  more  than  double 
those  of  any  of  the  tanks  which  had  continued  nitrifying  during  the 
season. 

This  large  amount  of  nitrogen  as  nitrates,  coming  off  after  a 
period  when  little  or  no  nitrification  had  occurred,  corresponds  with 
the  condition  of  nearly  all  of  the  tanks  when,  in  the  spring  and 
early  summer,  they  first  came  into  the  condition  of  rapid  nitri- 
fication. It  is  evident  that  the  nitrogen  now  coming  off  as  nitrates 
is  in  part  from  ammonia  which  had  been  stored  in  the  tank  before 
this  rapid  nitrification  began.  The  nitrogen  that  came  from  the 
filter  this  month  was  56  per  cent,  more  than  was  put  on. 

In  February  the  nitrates  continued  higher  than  those  of  other 
tanks,  averaging  1.4500  parts ;  and  through  March  they  averaged 
1.4060  parts. 
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The  nitrites,  which  in  September,  October  and  November  were 
zero,  appeared  again  with  the  nitrates,  averaging:  0.0004  in 
December;  0.0216  in  January;  0.0049  in  February;  and  0.0035 
in  March.  The  free  ammonia  decreased  rapidly  in  January  from 
1.4300  parts  to  0.0920  parts^  averaging  0.6420  parts,  or  56  per  cent, 
of  that  of  the  sewage.  It  continued  decreasing  through  February 
to  0.0070  parts,  averaging  0.0203  parts,  or  one  and  eight-tenths  per 
cent,  of  that  of  the  sewage;  and  in  March  it  decreased  to  0.0022 
parts,  averaging  0.0041  parts,  or  three-tenths  of  one  per  cent,  of 
that  of  the  sewage. 

The  albuminoid  ammonia  decreased  in  the  three  months,  averaging 
in  January  0.0210  parts  or  7  per  cent.,  in  February  0.0127  parts  or 
4.5  per  cent.,  and  in  March  0.0110  parts  or  2.5  per  cent.,  of  that  of 
the  sewage. 

After  sewage  was  drawn  out  of  the  tank  on  November  28,  and 
intermittent  filtration  was  resumed,  the  total  nitrogen  that  came 
away  in  the  effluent  was  in  December  27  per  cent,  more  than  was 
in  the  sewage  applied  this  month,  in  January  it  was  56  per  cent. 
more  than  was  applied,  and  in  February  it  was  6  per  cent,  more 
than  was  applied,  —  that  is,  during  these  three  months  the  nitrifying 
process  was  causing  to  be  removed  from  the  filter  a  large  amount  cf 
nitrogenous  matter  that  had,  during  the  continuous  filtration,  been 
stored*  in  the  sand  of  the  filter. 

That  more  inorganic  matter  also  was  removed  than  was  applied  is 
shown  by  the  fixed  residue  of  the  effluent  for  January  and  February 
being  142  per  cent,  of  that  of  the  applied  sewage,  and  for  March 
being  120  per  cent. 

Difference  in  Results  from  Intermittent  and  from  Con- 
tinuous Filtration. 
Following  Tank  No.  12  from  July,  1888,  to  March,  1889,  through 
a  period  of  intermittent  filtration  followed  by  one  of  continuous 
filtration  and  a  return  to  intermittent,  we  have  clearly  presented 
the  essential  differences  in  results  by  the  two  methods.  These 
changes  are  strikingly  represented  upon  the  diagram  of  observations 
on  Tank  No.  12  accompanying  the  tables  of  observations.  The  same 
amount  of  sewage  —  the  equivalent  of  30,000  gallons  per  acre  — 
was  applied  daily  throughout  the  whole  time. 

In  the  first  period,  July,  when  intermittent  filtration  with  nitrifica- 
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tion  had  been  in  progress  three  months,  the  resulting  effluent  aver- 
aged, for  the  month,  as  follows  :  — 


Free  ammonia,    . 
Albuminoid  ammonia. 
Sum  of  ammonias. 
Nitrates, 
Kitrites, 


0.0062,  or  0.4  of  1  per  cent  of  that  of  the  sewage* 
0.0105,  or  2.9  per  cent,  of  that  of  the  sewage. 
0.0167,  or  0.8  of  1  per  cent,  of  that  of  the  sewage. 
1.1630. 
0.0062. 


The  nitrogen  of  the  nitrates  was  52  per  cent,  of  all  of  the  nitrogen 
of  the  applied  sewage.  The  ammonias  show  that  more  than  99  per 
cent,  of  the  nitrogenous  organic  matter  contained  in  the  applied 
sewage  was  removed  from  the  effluent,  leaving  it  to  compare  favora- 
bly with  many  of  the  drinking  waters  of  the  State. 

Upon  making  the  filtration  continuous,  nitrification  ceased  in  the 
course  of  a  month, — that  is,  the^organic  matter  was  no  longer  burned 
up;  and  the  ammonias  increased,  until,  at  the  end  of  four  months, 
they  were  equal  to  those  of  the  sewage  applied.  The  sand  had,  up 
to  this  time,  held  back  some  of  the  ammonia  applied ;  but  finally  it 
came  out  in  full  amount, — the  albuminoid  ammonia  much  less,  but 
the  free  ammonia  much  greater,  than  in  the  applied  sewage. 

One  process  of  purification  was  going  on :  the  albuminoid 
ammonia  was  growing  less  by  being  stored  in  the  sand  or  by  being 
converted  to  free  ammonia ;  but  there  was  no  oxygen  by  which  this 
could  be  converted  to  nitrates. 

The  resulting  effluent,  on  November  26,  was  as  follows  :  — 

Free  ammonia, 2.1700 

Albuminoid  ammonia, 0.0500 

Nitrates, 0.0070 

On  resuming  intermittent  filtration  the  sewage  disappeared  from  the 
surface  in  a  few  minutes  after  it  was  applied,  carrying  with  it  oxygen 
from  the  air.  Nitrification  increased  rapidly,  burning  up  much  of 
the  nitrogenous  matter  that  had  been  stored  in  the  sand  during  con- 
tmuous  filtration ;  so  that,  in  January,  while  46  per  cent,  as  much 
ammonia  came  from  the  tank  in  the  effluent  as  was  applied  in  the 
sewage,  there  also  came  in  the  effluent  117  per  cent,  as  much  nitrogen 
as  nitrates,  as  there  was  nitrogen  in  the  applied  sewage,  —  or  56  per 
cent,  more  nitrogen  came  off  than  was  applied  to  the  tank. 
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This  process  of  removing  stored  impurity  from  the  filter  continued 
through  February;  and  in  March  the  filter,  having  been  purified 
by  nitrification,  was  in  condition  to  purify  sewage  a  little  more 
completely  than  eight  months  before,  when,  in  July,  intermittent 
filtration  was  interrupted. 

The  average  of  the  analyses  of  the  effluent  for  March  gave  the 
foUowincf  result :  — 


^o 


Free  ammonia,    . 
Albuminoid  ammonia, 
Sum  of  anmionias, 
Nitrates, 
Nitrites, 


0.0041,  or  0.8  of  1  per  cent,  of  that  of  the  sewage. 
0.0110,  or  2.5  per  cent,  of  that  of  the  sewage. 
0.0151,  or  0.7  of  1  per  cent,  of  that  of  the  sewage. 
1.4060. 
0.0035. 


This  result  shows  that  this  sand,  like  that  of  Tank  No.  1,  can,  for 
an  indefinite  period,  filter  more  than  30,000  gallons  per  acre  per  day, 
with  as  good  an  effluent  as  it  gave  in  July,  1888,  and  in  March,  1889. 
It  is  to  be  noted  that  a  water-trap  was  put  upon  the  outlet  of  this 
tank  on  June  27,  1888,  which  remained  there  till  Feb.  5,  1889, 
when  it  was  removed.  While  it  was  on,  no  air  could  enter  the 
underdrains  from  below. 

Filtration  of  sewage  was  continued  in  this  tank  with  slightly 
improving  results  for  two  weeks  longer,  until  April  15  ;  after  which 
it  was  supplied  with  city  water  containing  one  or  more  of  the  sub- 
stances contained  in  sewage,  that  the  action  of  each  might  be  more 
definitely  observed.  The  details  and  the  results  of  these  experi- 
ments continued  through  the  year  1889  may  be-found  in  the  appended 
report  of  Professor  Drown  and  Mr.  Hazen.  'Some  of  the  general 
results  will  here  be  stated. 

Application  of  Water  Containing  Insoluble  Albumen. 

From  April  16  to  June  20,  1889,  instead  of  sewage  there  was 
applied  daily  to  Tank  No.  12  one  and  a  half  gallons  of  city  water  into 
which  had  been  stirred  a  sufficient  amount  of  baked  and  pulverized 
egg-albumen  to  supply  to  the  mixture  2.8  parts  of  nitrogen  per 
100,000  parts. 

Albuminoid  ammonia  is  so  named  because  it  is  ammonia  that  may 
be  obtained  from  organic  substances  by  the  same  method  of  analysis 
by  which  ammonia  may  be  obtained  from  egg-albumen  ;  hence  this 
egg-iilbumen  may  be  regarded  as  the  substance  typical  of  albuminoid 
ammonia.     It  contains  about  16  per  cent,  of  its  weight  of  nitrogen, 
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which,  by  the  method  of  analysis,  is  nearly  all  converted  into  am- 
monia ;  which  would,  in  our  tables,  be  recorded  as  about  19,000.0 
parts  per  100,000  of  albuminoid  ammonia. 

This  egg-albumen  being  nearly  insoluble  in  water,  and  being 
typical  of  albuminoid  ammonia,  it  was  of  especial  interest  to  see 
to  what  extent  it  would  be  rendered  soluble,  or  would  be  con- 
verted to  free  ammonia,  or  would  be  carried  another  step  in  oxida- 
tion and  become  nitrified,  when  passed  through  this  filter.  The 
characteristic  element  in  the  result  of  an  analysis  of  the  mixture 
when  applied  would  have  been  albuminoid  ammonia  1.7  parts  per 
100,000. 

Unfortunately  on  June  20,  a  solution  intended  for  Tank  No.  13 
was,  by  mistake,  applied  to  this  tank,  which  seriously  interrupted 
the  completeness  of  the  experiment ;  and  the  short  time  of  but  two 
months,  in  which  this  egg-albumen  was  applied,  does  not  enable  us 
to  determine  to  what  extent  the  results  were  afiected  by  the  nitro- 
gen previously  stored  in  the  tank. 

Within  two  weeks  from  the  time  of  the  first  application,  the 
nitrates  of  the  effluent  became  1.7  parts  per  100,000;  and  this  was 
the  amount  of  the  nitrates  during  the  following  two  months,  which 
makes  it  probable  that,  if  the  experiment  had  been  continued  longer, 
the  result  would  not  have  difiered  very  materially  from  those  which 
have  been  obtained.  The  constancy  of  the  results  indicates  that, 
during  this  time,  they  express  the  change  that  occurred  in  the 
material  applied,  rather  than  the  removal  of  stored  material.  It 
would  appear  from  these  results  that  this  insoluble  nitrogenous 
matter  is,  within  the  tank,  rendered  soluble  and  converted  into 
nitrates  to  the  extent  of  61  per  cent,  of  the  total  nitrogen  con- 
tained in  the  albumen  applied.  The  part  of  the  nitrogenous  matter 
applied  that  was  found  in  the  effluent  was  nearly  all  in  the  form  of 
nitrates ;  the  free  ammonia  of  the  last  analysis  being  but  0.0002 
parts  and  the  albuminoid  ammonia  0.0064  parts,  while  the  nitrates 
were  1.7000  parts.  How  much  of  the  insoluble  nitrogenous  matter 
applied  was  stored  in  the  sand  we  have  no  means  of  determining. 
Comparing  with  results  obtained  with  sewage  it  appears  probable 
that  but  little  was  stored,  for  the  percentage  which  the  nitrogen  of 
the  nitrates  was  of  the  total  nitrogen  applied  is  but  little  below  that 
which  we  have  found  the  nitrates  of  the  effluent  from  sewage  to  be 
of  the  total  nitrogen  then  applied,  when  no  nitrogenous  matter  was 
being  stored  in  the  tank. 
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From  July  10  to  August  7  there  were  applied  daily  three  gallons 
of  city  water  containing  baked  and  pulverized  blood-albumen  suffi- 
cient to  supply  1.4  parts  of  nitrogen  per  100,000.  This  mixture 
appears  not  to  have  been  applied  long  enough  without  interruption 
to  give  a  result  that  can  be  relied  upon.  When  it  was  first  applied 
the  nitrates  were  decreasing  from  nearly  double  the  amount  of  nitro- 
gen which  this  charge  contained,  and  they  continued  falling  for  ten 
days ;  after  which  the  nitrates  were  nearly  constant  for  two  weeks, 
and  averaged  1.2750  parts,  which  is  91  per  cent,  of  the  nitrogen 
applied  in  the  albumen.  The  last  analysis  of  this  experiment  was 
as  follows :  — 

Free  ammonia, 0.0004 

Albuminoid  ammonia, 0.0066 

Chlorine 0.6000 

Nitrates, 1.3000 

Here  the  nitrates  of  the  effluent  amounted  to  90  per  cent,  of  the 
total  nitrogen  of  the  mixture  applied,  and,  judging  from  our  experi- 
ments with  the  sewage,  it  is  not  probable  that  any  of  the  albuminoid 
ammonia,  which,  when  applied,  was  insoluble,  has  been  stored  in 
the  filter. 

Application  of  Water  Containing  Sugar  causes  Nitrification 

TO  Cease. 

From  Oct.  23  to  Dec.  8,  1889,  three  gallons  of  city  water  con- 
taining sufficient  granulated  sugar  to  be  equal  to  100  parts  per 
100,000  of  the  solution  were  applied  daily.  The  nitrification  de- 
creased immediately  after  applying  this  solution,  and  in  the  last  two 
and  a  half  weeks  there  were  no  nitrates ;  from  which  it  appears  that, 
with  the  small  amount  of  nitrogenous  organic  matter  contained  in 
the  water  applied,  this  amount  of  sugar,  —  equivalent  to  one-tenth 
of  one  per  cent,  of  the  solution,  —  is  able  to  cause  nitrification  to 
cease  at  least  for  a  time,  which  in  this  case  continued  about  three 
weeks ;  but  a  different  result  was  found  when  a  smaller  amount  of 
sugar  was  applied  to  sewage  containing  a  large  amount  of  nitrog- 
enous matter. 
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Nitrification  Resumed  in  Winter  upon  the  Application 

OF  Sewage. 

There  being  no  nitrification  in  this  tank,  the  application  of  sewage 
was  resumed  on  December  9,  and,  with  the  temperature  of  the  efflu- 
ent varying  from  49°  to  40°  Fah. ,  in  five  days  the  nitrates  amounted 
to  0.2200  parts.  One  week  later  the  nitrates  amounted  to  0.8600 
parts,  showing  that  with  nitrification  entirely  stopped  within  this 
filter  the  application  of  sewage  even  in  December  may  cause  it  to 
again  start  and  become  quite  active. 

Sugar  Applied  with  Sewage  Checks  but  Does  not  Prevent 

Nitrification. 

On  Jan.  1,  1890,  sugar  was  added  to  the  sewage  in  sufficient 
quantity  to  form  10  parts  in  100,000.  The  nitrates  decreased  about 
one-half,  or  to  0.4400  parts,  but  the  ammonias  did  not  increase. 
After  ten  days  the  free  ammonia  was  0.0028  parts,  and  the  albumi- 
noid ammonia  0.0158. 

On  January  13  the  quantity  of  sugar  was  increased  to  20  parts  per 
100,000,  and  the  ammonias  remaining  about  the  same,  the  nitrates 
continued  decreasing  for  two  weeks,  when  they  were  but  0.0800 
parts ;  but  after  this  they  increased  steadily  for  a  month,  and  at  the 
end  of  February  were  1.1000  parts.  The  free  ammonia  at  this  time 
was  0.0060  parts,  and  the  albuminoid  ammonia  0.0190  parts ;  so  that 
the  sum  of  ammonias  was  but  1.3  per  cent,  of  the  sum  of  ammonias 
of  the  sewage.  The  sugar,  amounting  in  this  case  to  one-fiftieth  of 
one  per  cent,  of  the  sohition,  causes  the  nitrates  to  decrease  for 
a  while  without  increasing  the  ammonias;  but,  when  the  filter 
becomes  adapted  to  the  work  demanded  of  it,  the  nitrates  are 
formed  as  completely  as  when  no  sugar  is  added,  and  purification 
becomes  satisfactory  in  winter  with  60,000  gallons  of  sewage  applied 
per  acre  daily. 

Tank  No.  13  Resumed. 

The  results  obtained  with  Tank  No.  13  have  been  given  to  the  end 
of  June,  1888.  Sewage  was  applied  daily  in  the  same  quantity  — 
which  was  at  the  rate  of  60,000  gallons  per  acre  per  day — until 
Jan.  13,  1889. 

The  results  were  remarkably  uniform,  as  may  be  seen  by  inspection 
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of  the  diagram  accompanying  the  tables  of  daily  observations,  and 
they  were  remarkably  satisfactory. 

The  monthly  averages  of  daily  observations  and  analyses  are 
given  in  the  following  table,  which  also  contains  the  number  of 
bacteria  observed  in  the  effluent :  — 


Monthly  Averages  of  Daily  Results  with  Tank  No,  13 
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The  nitrogen  as  nitrates  in  the  effluent,  from  July  to  December, 
1888,  averaged  1.253  parts  per  100,000,  — varying  from  an  average 
in  August  of  1.647  paiis  to  one  in  December  of  0.767  parts.  It 
varied  nearly  with  the  nitrogen  of  the  free  ammonia  of  the  sewage, 
being  between  seven  and  eight  tenths  as  much  as  the  latter. 

The  following  table  gives  the  percentage  of  nitrogen  applied 
in  the  sewage  that  appears  in  the  effluent  as  nitrates  for  Tanks 
Nos.  12,  13  and  14:  — 
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Percetilage  of  Nitrogen  applied  in  the  Sewage  that  appears  in  the  Effluent  as 

Nitrates. 
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Summary  of  Results  with  Tank  No.  13. 

During  the  last  six  months  with  Tank  No.  13  44  per  cent,  of  all 
the  nitrogen  applied  in  the  sewage  came  out  in  the  effluent  in 
nitrates. 

The  free  ammonia  of  the  effluent  was  nearly  constant  and  very 
small  in  amount,  varying  from  0.0019  parts  to  0.0Q05  parts  per 
100,000,  or  from  eight-hundredths  of  one  per  cent,  to  three- 
hundredths  of  one  per  cent,  of  the  free  ammonia  of  the  sewage. 

The  albuminoid  ammonia  of  the  effluent  was  nearly  constant,  — 
the  highest  amount  being  0.0112  parts  in  September,  and  the  lowest 
being  0.0101  parts  in  December ;  varying  from  seven-tenths  of  one 
per  cent,  to  three  per  cent,  of  the  albuminoid  ammonia  of  the 
sewage. 

The  sum  of  ammonias  of  the  effluent  varied  from  three-tenths  of 
one  per  cent,  to  seven-tenths  of  one  per  cent,  of  those  of  the 
sewage. 

The  loss  on  ignition,  as  deteimined,  was  2.39  parts  per  100,000  in 
September  and  1.70  parts  in  December,  —  varying  from  4  to  12 
per  cent,  of  that  of  the  sewage. 
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The  fixed  residue  of  the  effluent  averaged,  for  the  six  months, 
31.00  parts  per  100,000, — which  was  75  per  cent,  of  that  of  the 
sewage. 

The  chlorine  of  the  effluent  averaged  7.3  parts  per  100,000,  — 
which  was  within  one  per  cent,  of  the  chlorine  of  the  sewage.  No 
rain  fell  upon  this  tank. 

The  results  from  this  Tank  No.  13  are  among  the  most  satisfactory, 
in  all  respects,  obtained  from  any  of  the  filters.  The  quantity  has, 
from  the  beginning,  been  at  the  rate  of  60,000  gallons  per  acre  per 
day. 

The  average  result  of  analyses  for  the  last  six  months  of  1888 
was  as  follows  :  — 

Free  ammonia, 0.0011 

Albuminoid  ammonia, O.OlOo 

Sura  of  ammonias, 0.0116 

Nitrates, 1.2530 

Nitrites, 0.0004 

The  effluent  was  genei-ally  a  clear,  colorless,  bright  water.  There 
was  no  indication  that  the  filter  would  not  continue  indefinitely 
giving  as  good  results. 

The  amount  of  nitrogen  stored  in  Tank  No.  13  at  difierent  dates 
was  not  determined  by  examinations  of  the  sand ;  but  during  the 
seven  months,  June  to  December,  1888,  the  effluent  was  so  nearly 
constant,  and  contained  so  small  an  amount  of  nitrogenous  organic 
matter,  that  it  is  not  probable  that  any  nitrogen  was  stored  in  the 
sand  during  this  time.  If  this  is  the  case,  it  appears  that  a  large 
part  of  the  nitrogen  has  escaped  our  observation ;  for  only  44  per 
cent,  of  the  amount  applied  has  been  found  in  the  effluent.  Experi- 
ments are  now  in  progress  to  determine  how  much  of  the  remainder 
escapes  into  the  air. 

Application  of  Water  Containing  Free  Ammonia  to  Tank 

No.  13. 

During  the  year  1889  this  tank  was  treated  with  ammonium 
chloride  and  sodium  carbonate  dissolved  in  city  water,  in  propor- 
tions varying  from  time  to  time  from  one  part  of  ammonia  per 
100,000  parts  to  68  parts  of  ammonia,  and  with  diflferent  quantities 
of  sodium  carbonate. 
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These  experiments  are  discussed  in  detail  in  the  appended  report 
of  the  chemists.  The  general  conclusions  only  will  be  presented 
here. 

The  object  of  these  experiments  was  to  determine  what  part  of 
the  nitrogen  applied  in  a  solution  of  free  ammonia  would  be  found 
in  the  effluent.  With  nitrogen  thus  applied  in  quantities  from  3.2 
parts  per  100,000  to  28  parts  per  100,000,  the  nitrogen  in  the 
effluent,  finally  becoming  nearly  all  in  the  form  of  nitrates,  was 
equivalent  to  90  per  cent,  of  the  applied  nitrogen ;  and,  as  it  is 
probable  that  the  method  of  determining  the  nitrates  gave  results  as 
much  as  5  per  cent,  too  low,  it  appears  that  as  much  as  95  per  cent, 
of  the  nitrogen  applied  came  through  the  filter,  and  that  the  amount 
lost  was  not  more  than  5  per  cent.  When  the  quantity  of  free 
ammonia  was  increased  so  that  the  solution  contained  56  parts  of 
nitrogen  per  100,000,  a  less  percentage  was  found  in  the  effluent, 
the  determinations  showing  from  80  to  84  per  cent. 

When  a  smaller  quantity  of  sodium  carbonate  was  applied  than 
was  necessary  to  neutralize  the  acids  formed,  the  nitrates  of  the 
effluent  were  correspondingly  reduced  and  the  free  ammonia  increased. 
Sewage  generally  is  sufficiently  alkaline  to  supply  the  bases  neces- 
sary for  complete  nitrification ;  but  when  this  is  not  the  case  nitrifi- 
cation may  be  made  more  complete  by  the  addition  of  lime  or  other 
base. 

When  a  marked  increase  was  made  in  the  quantity  of  nitrogen 
applied,  the  effect  was  like  increasing  the  amount  of  sewage,  —  the 
effluent  for  some  time  contained  increased  amounts  of  ammonia, — 
but  after  some  days  or  weeks,  when  the  filter  had  become  adapted  to 
its  new  work,  the  purification  became  more  complete  :  the  ammonias 
decreased  and  the  nitrogen  came  out  in  nitrates. 

Tank  No.  14  Resumed. 

Tank  No.  14  continued,  through  June  and  July  and  till  August 
22,  to  receive  6  gallons  of  sewage  on  five  days  of  the  week  and  12 
gallons  on  the  sixth  day,  or  the  equivalent  of  120,000  gallons  per 
acre  per  day. 

The  general  results  from  the  beginning  are  expressed  in  the 
following  table   of  monthly   averages   of   daily   observations   and 
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Monthly  Averages  of  Daily  Results  tvUh  Tank  No,  14. 


DATS. 


1888. 

Feb.  29-Mar.  22, 
March  1-25. 


Kar.23-Apr.l3, 
Mar.  2e-Apr.  15, 


Apr.  14-May  7, 
Apr.  16-May  10, 


May  8-28,  . 
May  11-31, 


May  20-JuDe  29, 
June, . 


Jane  30-July  29, 
July,  . 


July30-Ang.20, 
August  1-22,      . 


Aug.  21-30, 
August  23-31,    . 


Aug..31-8ept.28, 
September, 


8ept.29-Oet.30. 
October,     . 


Oct.  31-Nov.  27, 
November, 


Nov.28-Dec.29, 
December, 


Dec.  30-Jan.  30, 
January,    . 


1- 
ll 

Sewage,  . 
Effluent. . 
Per  cent., 

6."82 

Sewage,  . 
Effluent, . 
Per  cent.. 

6.24 

Sewage,  . 
Effluent, . 
Per  cent., 

6.70 

Sewage,  . 
Effluent,. 
Per  cent., 

s.'ss 

Sewage,  . 
Effluent, . 
Per  cent.. 

5.92 

Sewage,  . 
Effluent, . 
Per  cent., 

5.74 

Sewage,  . 
Effluent, . 
Per  cent., 

5.~85 

Sewage,  . 
Effluent, . 
l»er  cent.. 

8.'76 

Sewage,  . 

Effluent,. 
Per  cent., 

8.92 

Sewage,  . 
Effluent, . 
Percent., 

8.92 

Sewage,  . 
Effluent, . 
Per  cent.. 

8.91 

Sewage,  . 
Effluent, . 
Per  cent., 

8.95 

Sewage,  . 
Effluent, . 
Per  cent,. 

8.}7 

RBfllDCE  ON 
EVAPORATIOM. 


|i 


13.88  17.68 
2.40!  10.25 
18         58 

40.19  48.28 
2.54  15.50 
6         32 

39.. 36,  41.13 
6.06  19.85 
15         48 


34.83 
7.68 
22 

16.77 

7 
48 

15.10 
6.54   28.60 
43      ,115 


46.18 
22.52 
49 

25.01 
32.31 
129 


67.111 
3.42 


63.79 
30.13 

47 


117.06103.71 
5.57i  89.96 
5         39 

31.05  48.20 
2.88  32.56 
9      <  68 

17.251  31.60 
2.78  29.70 
16      I  94 

16.63!  31.28 
2.29,  29.81 
14         95 


14.03   30.90 
1.821  23.90 
13         77 


11.01    23.25 
2.15,  26.42 

20       114 


AicMonA. 


.5a73 

.1643 


1 1.1260 
'    .5444 

48 

1.1873 
.3005 

27 

1.0575 
.0023 
.2ofl 

1.4422 
.OOU 
.3ofl 

1.8057 
.0078 
.4ofl 

2.9138 
.0242 
.8ofl 

2.7057 
.0872 
3 

2.1667 
I  .0595 
3 

2.1932 
.0142 
.6ofl 

2.0260 
.0045 
.2ofl 

1.1800 
.0210 
1.9 


1.1518 
.0207 
1.8 


.8000 
.0213 


.7100 
.0204 
2.9 

1.2504 
.0147 
1.2 

.8342 
.0172 
2.1 

..3556 
.0202 


.4057 
.0221 
5 

1.2906 
.0386 
3 

3.6114 
.0351 

1 

.7219 
.0278 


.4754 
.0224 


.4305 
.0189 


.3405 
.0183 


.2696 
.0178 


.8653 
.1856 
21 

1.8360 
.5648 

31         ! 

2.3877 
.3242 

"     I 

1.8917 
.0195  I 

'      i 

1.7978  I 
.02461 

1.4       I 

2.2114 ' 

.0299 

1.4       I 

4.2044* 

.06281 

1.6       I 

6.3171 
.1223 
2 

2.88S6 
.0373 
3 

2.8686 
.0366 
1.4 

2.4565 
.0234 

1 

1.4705 
.0393 
2.7 


1.4214 
.0385 
2.7 


2.16 
2.00 


2.95 
2.99 


8.58 
3.33 


8.72 
4.09 


NiTKOGBX 


.007 
.024 


.008 
.172 


.0037;      -  I      - 
.0029  '  41*    73,186 


0025!'  4r!    3,205 


.006 
.967 


.009 

:.2oo 


4.46 
7.96 


6.32 

7.47 


6.56 
5.84 


10.26! 
11.06 


9.02 
8.17 


7.21 
7.28 


8.09 
7.40 


.008 
.191 


.011 
.518 


.023 
.323 


.0029  t     -  I       - 
.0046 1      -      6,837 


.0000 
.0014 


.0006 
.0029 


.0001 
.0121 


46.280 


-I       - 
66"  48,;^21 


g"!   2,670 


I         I 
.0009  1     - 
.0218  ,i  70'        47< 


6.47 
4.10 


4.39 
5.11 


.021 
.716 


.021 
.567 


.0000 
.0147 


.0000 
.0099 


To* .    ns 


64" 


.0000  I 
.0034     6.V 


.0000 
.0017 


.0000 
.0015 


.0030 
.0044 


42- 


8,169 
2,482 
1,453 


116 


535 


The  nitrates,  which  reached  their  maximum  in  the  middle  of  May, 
continued  high,  being,  for  June,  1.191  parts  per  100,000 ;  for  July, 
1.083  parts;  and  for  August,  1.518  parts;  but  while  these  were 
increasing  they  did  not  increase  as  much  as  the  nitrogen  in  the 
sewage,  —  as  will  be  seen  by  the  table  of  nitrogen  as  nitrates  given 
with  Tank  No.  13 :  the  percentage  of  the  nitrogen  of  the  sewage 
that  appeared  as  nitrates  in  this  tank  was,  for  June,  64  per  cent. ; 
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for  July,  50  per  cent. ;  and  for  August,  25  per  cent.  This  decrease 
in  x>erceiltage  may  be  due,  in  part  at  least,  to  the  fact  that,  on  June 
27,  a  water-ti-ap  was  put  upon  the  outlet  and  remained  there  several 
months ;  and  air,  which  was  at  every  application  of  sewage  pushed 
out  through  the  outlet,  had  not  so  free  movement,  nor  was  it  so 
-well  renewed  in  the  lower  part  of  the  tank  as  when  the  outlet  was 
k:ept  open.  Even  with  this  hindrance  to  the  complete  nitrification 
of  the  applied  organic  matter,  the  effluent  had  but  one  and  a  half 
per  cent,  as  much  ammonia  as  the  sewage,  —  or  98.5  per  cent,  had 
"been  removed. 

The  free  ammonia  increased  somewhat  faster  than  that  of  the 
sewage,  being,  in  June,  0.0044 -parts  or  three-tenths  of  one  per 
cent. ;  in  July,  0.0078  parts,  or  four-tenths  of  one  per  cent. ;  and 
in  August,  0.0242  parts  or  eight-tenths  of  one  per  cent,  of  that  of 
the  sewage. 

The  albuminoid  ammonia  did  not  increase  as  fast  as  that  of  the 
sewage,  being,  for  the  three  months,  0.0202,  0.0221  and  0.0386 
parts,  or  6,  5  and  3  per  cent,  of  that  of  the  sewage. 

The  sum  of  ammonias  were  1.4,  1.4  and  1.5  per  cent,  of  those  of 
the  sewage. 

The  nitrites  increased  after  the  trap  was  put  on  the  outlet,  being 
0.0029  parts  in  June,  0.0121  parts  in  July  and  0.0218  parts  in 
August. 

Quantity  Increased  to  180,000  Gallons  per  Acre  per  Day. 

The  filter  had  done  so  well  with  the  unprecedented  quantity  of 
120,000  gallons  per  acre  per  day  for  three  and  a  half  months,  that 
on  Aug.  23,  1888,  the  quantity  was  increased  to  9  gallons  a  day 
or  the  equivalent  of  180,000  gallons  per  acre  per  day.  This  de- 
creased the  nitrates  a  little,  and  increased  the  ammonias  of  the 
effluent  for  about  three  weeks ;  but  soon  the  quality  of  the  effluent 
improved,  and  in  November  became  better  than  in  July.  The  mean 
monthly  results  were  as  follows  :  The  nitrates  were,  in  September, 
0.999  pails  ;  in  October,  1.011  parts  ;  and  in  November,  1.003  parts. 
These  contained  34,  39  and  42  per  cent,  of  the  total  nitrogen 
applied  in  the  sewage.  The  nitrites  decreased  in  the  three  months, 
being  0.0099  parts,  0.0034  parts  and  0.0017  parts. 

The  free  amimonia,  which,  in  the  last  weftk  in  August, — immedi- 
ately after  the  increase  in  quantity,  —  rose  to  0.0872  parts,  averaged 
in  September  0.0595  parts ;  in  October,  0.0142  parts ;  and  in  No- 
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vember,  0.0045  parts,  —  or  three  per  cent.,  six-tenths  of  one  per 
cent.,  and  two-tenths  of  one  per  cent,  of  that  in  the  sewage". 

The  albuminoid  ammonia  was,  in  the  first  week  after  increasing  the 
quantity,  0.0351  parts.  In  September,  it  averaged  0.0278  parts,  or 
4  per  cent,  of  that  of  the  sewage ;  in  October,  0.0224  parts,  or  5 
per  cent. ;  and  in  November,  0.0189  parts,  or  4  per  cent,  of  that 
of  the  sewage  ;  the  sum  of  ammonias  being  3,  1.4  and  1  per  cent,  of 
those  of  the  sewage. 

This  was  a  remarkable  purification,  —  at  the  rate  of  180,000  gal- 
lons per  acre  per  day,  after  the  equivalent  of  more  than  38,000,000 
gallons  had  been  filtered  through  an  acre. 

The  Filter  Becoming  Overburdened. 

In  the  latter  part  of  November  it  became  evident  that  this  filter 
was  having  more  required  of  it  than  it  could  accomplish.  The 
upper  layers  of  the  sand  were  becoming  clogged  by  organic  matter ; 
so  that,  on  November  26,  the  nine  gallons  of  sewage  applied  took 
twenty-five  minutes  to  settle  away,  while  in  October  the  sewage 
disappeared  in  two  minutes.  In  the  early  part  of  Januaiy,  1889, 
the  time  of  disappearance  increased  to  more  than  two  hours ;  and 
the  purification  became  less  complete.  More  than  97  per  cent, 
of  the  organic  matter,  as  shown  by  the  ammonias,  was,  however, 
removed  from  the  efiiuent  through  December  and  January.  The 
nitrates  fell  ofi'  a  little  faster  than  the  ammonia  of  the  sewage, 
being,  in  December,  0.716  parts,  —  which  was  47  per  cent,  of  the 
total  nitrogen  of  the  sewage ;  and  in  January,  1889,  0.567  parts,  or 
40  per  cent,  of  the  nitrogen  of  the  sewage. 

The  ammonias  for  the  two  months  were  nearly  alike :  The  free 
ammonia  averaged  0.0208  parts,  or  1.8  per  cent,  of  that  of  the 
sewage ;  the  albuminoid  ammonia  averaged  0.0180  parts,  or  6  per 
cent,  of  that  of  the  sewage;  and  the  sum  of  ammonias  was  2.7 
per  cent,  of  that  of  the  sewage. 

In  the  latter  part  of  January,  1889,  the  surface  of  the  tank  became 
so  clogged  that  for  several  days  the  nine  gallons  of  sewage, — which 
was  the  equivalent  of  a  little  more  than  six  and  a  half  inches  in 
depth  upon  the  surface,  —  did  not  all  disappear  before  the  next 
application.  The  nitrates  decreased  in  this  time  to  0.4200  parts, 
and  the  ammonias  increased  to  0.1690  parts. 

This  condition  was,  however,  changed  by  working  over  the  upper 
inch  in  depth  of  the  sand,  —  the  first  time  since  the  tank  was  in  use. 
Heretofore  there  had  been  some  disturbance  of  the  surface  by  pour- 
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ing  on  the  sewage,  and  at  this  time  the  surface  was  depressed  two 
or  three  inches  in  the  middle,  while  the  sand  stood  firm  and  compact 
around  the  edges.  On  January  31  the  outer  part  was  dug  over  to 
the  depth  of  about  an  inch,  and  the  material  filled  into  the  depres- 
sions ;  thus  enabling  the  sewage  to  settle  away  more  evenly  over  the 
whole  area  of  the  surface.  The  efiect  upon  the  effluent  was  quite 
marked.  The  nitrates,  in  a  week,  had  increased  to  0.7000  parts, 
and  the  ammonias  had  decreased  to  0.0600  parts. 

These  experiments,  however,  were  not  continued,  as  the  tank  was 
taken  to  make  some  special  experiments  upon  the  amount  of  oxygen 
necessary  to  carry  on  nitrification,  which  are  detailed  in  the  accom- 
panying report  of  Mr.  Hazen. 

A  few  results  of  interest  in  connection  with  the  subjects  already 
treated  will  be  given. 

Special  Experiments  on  Nitrification. 
From  February  11  to  21  no  sewage  was  applied,  but  in  its  place 
9  gallons  of  city  water  were  applied  daily :  whereupon  the  free 
ammonia  decreased  from  0.0760  parts  to  0.0002  parts  ;  the  albumi- 
noid ammonia,  from  0.0260  to  0.0192;  the  chlorine,  from  5.08  to 
0.44  ;  and  the  nitrates,  from  0.6000  to  0.3200.  At  the  end  of  this 
time  a  cover  having  a  mercury  seal  was  put  upon  the  tank  to 
exclude  air.  Above  the  cover  and  soldered  to  it  was  a  large 
funnel  into  which  the  sewage  was  poured ;  and,  before  all  was 
allowed  to  flow  into  the  tank,  a  stop-cock  between  the  funnel  and 
cover  was  closed,  thus  preventing  the  entrance  of  air.  The  outlet 
at  the  bottom  was  also  trapped.  For  a  few  days  a  little  air  appeared 
to  leak  in ;  and,  on  February  28,  the  result  of  analysis  of  the  effluent 
was  as  follows  :  — 

Free  ammonia, 0.0042 

Albmninoid  ammonia, 0.0174 

Nitrates 1.0000 

Effect  of  Complete  Exclusion  of  Air. 
On  March  1  the  tank  was  pronounced  air  tight ;  and  on  March  14 
the  ammonias  had  increased  and  the  nitrates  decreased  to  the  follow- 
ing figures :  — 

Free  ammonia, 0.9000 

Albuminoid  ammonia, 0.0790 

Nitrates, 0.0250 
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The  stop-cock  between  the  funnel  and  the  cover  was,  after  March 
16,  left  open,  so  that  air  could  follow  the  sewage  into  the  space 
between  the  cover  and  the  surface  of  the  sand  :  but  it  is  evident  that 
but  little  if  any  air  entered  the  sand ;  because  the  ammonias  con- 
tinued to  increase,  and  the  nitrates  to  decrease,  until,  on  March  28, 
we  had  the  following  result :  — 

Free  ammonia, 1.5200 

Albuminoid  ammonia, U.IOIO 

Nitrates, 0.0050 

Nitrification  had  ceased,  and  the  ammonias  were  60  per  cent,  of 
those  of  the  applied  sewage. 

On  March  27  the  cover  was  removed,  when  it  was  found  that 
while  air  was  excluded  organic  matter  had  accumulated  on  the  sur- 
face of  the  sand  to  such  an  extent  that,  while  the  pressure  through 
the  funnel  of  about  ten  inches  of  water  would  easily  push  nine 
gallons  of  sewage  through,  the  weight  of  sewage  on  the  surface, 
after  the  cover  was  removed,  would  cause  but  three  gallons  to  pass 
through. 

Effect  of  Drawing  Air  through  the  Sand. 

On  April  2  seven  pounds,  or  about  one-half  inch  in  depth  of 
sand  and  sediment,  was  removed  from  the  surface  of  the  tank ;  a  trap 
was  put  on  the  outlet  to  prevent  air  entering  there,  and  an  aspirator 
was  attached  to  a  side  cock  four  feet  below  the  surface,  which  would 
draw  about  sixteen  gallons  of  air  down  through  the  sand  in  an  hour. 

This  aspirator  was  run  constantly  day  and  night,  renewing  the 
air  in  the  upper  four  feet  of  the  tank  every  hour.  The  result  was 
very  marked  in  the  immediate  increase  of  the  nitrates,  in  two  days, 
from  0.0100  parts  to  1.2000  parts;  and  a  further  increase  in  the 
next  week  to  2.3000  parts,  — which  was  101  per  cent,  of  all  of  the 
nitrogen  in  the  sewage  applied.  The  free  ammonia  did  not  change 
so  rapidly.  Two  days  after  the  aspirator  was  attached,  the  free 
ammonia  was  1.4300  parts.  One  week  later  it  had  decreased  to 
0.0680;  and  in  the  same  time  the  albuminoid  ammonia  decreased 
from  0.0620  to  0.0250  parts. 

On  April  J 7  the  cover  was  again  put  upon  the  tank  and  air  was 
excluded.  In  eleven  days  the  nitrates  decreased  from  1.8000  parts 
to  0.0150  parts ;  the  free  ammonia  increased  from  0.0720  to  O.7840 
parts ;  and  the  albuminoid  ammonia,  from  0.0290  to  0.0960  parts. 
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On  April  27  the  aspirator  was  again  attached  and  air  admitted ; 
and  the  amount  of  sewage  applied  after  this  day  was  three  gallons  per 
day.  The  nitrates  increased  in  three  days  to  4.5000  parts  ;  and  on 
May  9  were  5.0000  parts  ;  when  the  free  ammonia  had  decreased  to 
0.0240  parts  and  the  albuminoid  ammonia  to  0.0220  parts.  When 
the  nitrogen  of  the  nitrates  was  at  the  very  high  figures  just  given, 
it  amounted  to  about  180  per  cent,  of  the  nitrogen  applied  in  the 
sewage ;  that  is,  under  the  influence  of  the  air  drawn  through  the 
sand  by  the  aspirator,  nitrification  became  so  active  that  it  removed 
from  the  tank  80  per  cent,  more  than  was  being  applied. 

On  May  6  the  aspirator  was  shut  off  and  air  was  excluded  from 
the  tank.  The  ammonias  increased  and  the  nitrates  decreased  as 
before ;  and  on  May  20,  188i>,  the  aspirator  was  so  arranged  that 
the  air  drawn  out  from  the  bottom  was  returned  to  the  top,  aind 
experiments  were  made  to  determine  how  small  an  amount  of 
oxygen,  so  kept  in  motion  through  the  sand,  would  enable  all  of  the 
organic  matter  to  be  nitrified.  These  experiments  will  be  detailed 
in  the  accompanying  report  of  Mr.  Hazen. 

DlFFERBNCE    IK    CHARACTER    OF    EfFLUENT    AT    DIFFERENT   HoURS 

AFTER  Sewage  is  Applied. 

Some  interesting  series  of  observations  on  the  chemical  character 
of  the  effluent  of  Tank  No.  14,  before  and  after  sewage  was  applied, 
were  made  on  several  days  in  October,  1888. 

On  October  20  the  following  results  were  obtained  :  — 


Time.          I 

1 

Free 

AmmonlA. 

1 

Albumi- 
noid 
Ammonia. 

Nitrate*. 

Kitrltes. 

lloari. 

Minntes. 

0 

40 

0.0068 

0.0208 

1.3000 

o.oogo 

Before  sewage  came  through. 

10 
10 

0 
10 

0.0002 
0.0048 

0.0198 
0.0224 

1.1600 
1.2500 

0.0090 
0.0008 

After  air  had  blown  oat  and  liquid  above 

the  Mir  began  to  come. 
After  paaslng  3.6  gallons   after  applying 

11 

0 

0.0032 

0.0248 

1.8000 

0.0007 

After  passing  6.  gallons. 

11 

40 

0.0028 

0.0276 

1.5400 

0.0008 

After  passing  6.5  gallons. 

It  is  most  probable  that  some  of  the  forward  particles  of  sewage 
passed  the  liquid  contained  in  the  smaller  interstices  of  the  upper 
part  of  the  tank,  and  reached  the  bottom  mixed  with  a  less  number 
of  particles  of  previouslj'^  held  water  than  at  any  later  time,  just  after 
the  air,  which  the  sewage  was  pushing  down,  was  expelled.     This 
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would  decrease  the  nitrification  and  increase  the  free  ammonia,  as  at 
10  o'clock.  After  the  first  rush  of  sewage  into  the  open  interstices, 
the  nine  gallons  applied  mixed  more  generally  with  the  eleven 
gallons  previously  held  in  the  sand ;  and,  the  process  of  changing 
free  ammonia  into  nitrates  going  on  rapidly,  the  free  ammonia  grows 
less  and  the  nitrates  increase  continually. 

On  October  26,  a  similar  result  was  obtained ;  and,  as  the  series 
was  continued  until  nine  hours  after  sewage  was  applied,  the  nitrates 
increased  to  a  greater  extent  and  the  albuminoid  ammonia  decreased 
as  well  as  the  free. 

The  following  are  the  results  of  analyses  :  — 


TIMB. 

Free 

Albumi- 

noid 
Ammonia. 

Nitrates. 

Nitrites. 

Hours. 

Minutes. 

Ammonia. 

10 

49 

0.0032 

0.0180 

1.2000 

0.0025 

Before  sewage  reached  outlet. 

11 
11 

10 
28 

0.0032 
0.0024 

0.0106 
0.0224 

0.9700 
0.9400 

0.0014 
0.0002 

After  passiDtr  1 .7  galloDs  after  application  of 
sewago.    Time  of  air  paasagc  not  noud. 
After  passing  4  gallons. 

12 

15 

,    0.0032 

0.0248 

1.4300 

0.0002 

After  passing  5.7  gallons. 

3 

17 

0.0016 

0.0200 

1.7600 

0.0002 

After  passing  7.3  gallons. 

8 

42 

0.0024 

0.0180 

1.9000 

0.0008 

After  passing  8.3  gallons. 

With  the  slower  rates  of  the  last  eight  hours  there  was  time 
enough  for  very  marked  changes  to  occur  in  the  reduction  of  am- 
monias and  the  increase  in  nitrates.  The  sewage  applied  this  day 
had  the  following  composition  :  — 

Free  ammonia, 2.7800 

Albuminoid  ammonia, 0.3600 

Nitrates  and  niti*ites, none. 

The  explanation  above  given  of  the  causes  of  the  changes  in 
chemical  composition  of  the  effluent  is  confirmed  by  the  series  of 
observations  upon  the  number  of  bacteria  in  the  effluent  taken  at  the 
same  time,  and  at  other  times,  and  given  in  the  following  pages. 
The  number  of  bacteria  increased  much  whea  the  forward  particles 
of  sewage  reached  the  bottom. 

Obseuvations  on  Bacteria  in  Tanks  Nos.  12,  13  and  14. 

The  number  of  bacteria  in  a  cubic  centimeter  of  the  effluent  from 
these  tanks,  by  a  single  count  on  the  days  mentioned  throughout  the 
twenty  months  since  filtration  commenced,  may  be  found  in  the 
following  table :  — 
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Number  of  Bacteria  found  in  the  Effluent  from  Tanks  Nos.  12, 13  and  14. 


I>ATK. 

Tank 
No.  13. 

Tank 
No.  13. 

Tank 
No.  14. 

Feb.  16, 

0 

« 

« 

IS. 

0 

- 

- 

21. 

86,951 

- 

- 

23, 

635,160 

- 

- 

25, 

757,500 

- 

1 

28, 

677,000 

- 

Mar.    1, 

103,600 

- 

- 

s. 

53,400 

423,000 

222,000 

«. 

8^776 

91.630 

291,600 

8. 

51,118 

83.505 

90,877 

10, 

37.613 

12.600 

14,004 

w. 

23.044 

9.038 

- 

17, 

49,020 

181 

4.500 

20. 

106,038 

560 

879 

22, 

161.308 

176 

628 

24. 

61,235 

105 

401 

27, 

37,837 

2.582 

- 

29, 

20.260 

1,517 

8.2D5 

April  19, 

9,126 

- 

- 

23, 

1,500? 

1.953? 

1,328 

28. 

1,600 

85 

434 

May    S, 

1,170 

30 

18.749 

10. 

3.074 

106 

- 

12, 

25? 

100? 

- 

19. 

41 

173 

27.720 

22. 

88 

83 

43,680 

28. 

174 

51 

67,440 

29. 

864 

26 

- 

JOM   2. 

10 

16 

-   1 

7. 

97 

154 

61.000  1 

Datb. 


tSS9-Con. 
JoDe  12, 

18. 

23. 

20. 

July     5. 

10, 

24. 

20, 

28, 

Aug.    2, 

4, 

7. 

14, 

18, 

21, 

23. 

Sept.  11, 

13. 

18, 

22. 

27. 

2, 

4. 

9. 

13. 

23, 

Nov.     1, 


Oct. 


10, 


Tank 
No.  12. 


Tank 
No.  13. 


Tank 
No.  14. 


Datb. 


64 

3,606? 

735 

98 

23 

22 

66 

68 

2,275 

- 

220 

17 

650 

57 

421 

- 

- 

46 

55,902 

- 

40,304 

62 

21.120 

- 

10,804 

40 

8,274 

156 

3,745 

- 

8,540 

140 

64 

- 

210 

- 

238 

120 

88 

24 

26 

55 

14 

- 

85 

47 

16 

27 

6 

66 

SO 

18 

8 

26 

13 

50 

0 

2 

4 

12 

04,230   I 
1,232?] 


3,780 


4,000 


230 


320 


701 


712 


4.576 
2,630 
17,800 


1,078 
1,332 
6,210 
1,115 
2,040 
207 
584 


lS«».Con. 
Nov.  16, 

21, 

26, 

Dec.     5, 

7. 

10. 

12. 

17. 

26, 

1889. 

Jan.     2, 

8. 
15, 
22, 
29. 

Feb.     4, 

«. 

12, 

19. 

27, 

Mar.  5, 
12, 
19. 
23, 
26, 

April  9, 
24. 
30, 

May     7. 


Tank 
No.  12. 


Tank 
No.  18. 





7 
6 
87 
10,410 
34 
156 
17 
30 
163 


3,410 

720 

2,880 

80 

71 
20 
11 
74 
10 
189 


34 


27 
27 
247 


Tank 
No.  14. 


618 

4,200 

382 

64 

224 
154 
21 

360 

737 

403 

817 

848 

3,072 

1,127 

85 

33 

174 

1,350 

11,620 

11.034 

5,056 

4,446 

4,200 

7,105 

1,470 

110 


la  each  of  these  tanks  the  number  of  bacteria  rose  to  the  highest 
it  has  ever  been,  a  few  days  after  sewage  was  applied,  and  the  maxi- 
mum  number  observed  was  the  smallest  in  the  tank  receivinor  the 
greatest  amount  of  sewage.  In  Xo.  12,  receiving  1.5  gallons  daily, 
the  number  reached  757,500  per  cubic  centimeter;  in  No.  13,. 
receiving  3  gallons,  the  number  reached  423,900 ;  and  in  No.  14, 
receiving  6  gallons,  the  number  reached  291,600. 


The  larg( 
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mum  in  No.  12  wa3  undoubtedly  due  to  applying  boiling  water  to 
the  sand  when  it  was  first  filled,  and  this  appears  to  be  the  reason 
for  the  number  continuing  high  for  the  next  two  months.  Within 
two  weeks  the  numbers  were  reduced  as  follows:  in  No.  12  to 
34,776 ;  in  No.  13  to  181  ;  and  in  No.  14  to  401. 

There  was  no  freezing  in  the  tanks  :  the  temperature  of  the  sewage 
was,  at  the  time  of  the  above  changes,  about  44^,  and  of  the  efliuent 
about  39°  Fah.  The  result  indicates  that  it  is  mechanically  possible 
for  about  the  full  number  of  bacteria  in  the  sewage  to  be  carried 
through  this  coarse  sand,  and,  if  accompanied  by  sufficient  oxj'gen 
and  suitable  food,  a  very  large  part  of  those  applied  may  live  to  be 
carried  through ;  but,  as  the  sewage  occupies  the  space  in  the  sand 
more  and  more  completely,  the  amount  of  oxygen  that  was  in  the 
sand,  or  was  carried  down  mechanically  with  the  sewage,  becomes 
used  up  in  forming,  carbonic  acid  or  other  compounds,  to  such  a 
degree  that  there  is  little  left  to  support  bacteria. 

The  bacteria  of  No.  12,  though  much  reduced  from  the  maximum 
number,  continued  high  through  March  (1888),  averaging  above 
60,000  and  decreasing  to  20,000.  When  nitrification  began,  in  the 
latter  part  of  April,  the  number  decreased  to  1,600,  and  in  the  latter 
half  of  May,  when  the  nitrates  were  1.5  parts  per  100,000  and  the 
sum  of  the  ammonias  0.25  parts,  the  number  of  bacteria  averaged 
118,  or  one  in  ten  thousand  of  the  number  applied.  In  June,  with 
varying  nitrification  and  much  less  free  ammonia,  the  number  aver- 
aged 166.  In  July,  while  intermittent  filtration  was  continued,  the 
number  averaged  891. 

Although  the  conditions  in  Tank  No.  12  appear  to  have  been  so 
favorable  to  the  life  of  bacteria  that  at  one  time  eighty-three  per 
cent,  of  the  number  of  bacteria  in  the  sewage  lived  to  pass  through 
the  filter,  the  number  decreasing  to  a  very  small  fraction  of  one  per 
cent.,  when  nitrification  was  purifying  the  sewage,  indicates  that 
then  the  conditions  for  bacterial  life  were  very  unfavorable. 

The  same  process  that  removes  other  organic  matter  from  a  liquid 
also  removes  bacteria. 

In  Continuous  Filtration  the  Bacteria  at  first  Increased 
AND  then  Decreased. 
On  July  27,  1888,  the  outlet  was  closed  and  the  tank  was  filled 
with  sewage,  and  continuous  filtration  was  continued  till  Novem- 
ber 27.     On  Auorust  2,  after  as  much  efliuent  had  been  drawn  from 
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the  tank  as  it  contained  before  it  was  filled,  the  efiiuent  contained 
55,900  bacteria  per  cubic  centimeter.  The  nitrates,  in  the  mean* 
time,  had  been  reduced  from  1.250  to  0.750  parts,  and  the  albu- 
minoid ammonia  had  increased  from  0.0098  parts  to  0.0396  parts. 

The  number  of  bacteria  decreased  steadily  through  the  month  of 
August,  and  on  September  11  was  but  64.  In  the  meantime  nitri- 
fication had  ceased,  and  free  ammonia  had  increased  to  0.1600  parts. 

Some  of  the  liquid  containing  the  highest  number  of  bacteria,  after 
the  outlet  was  closed,  probably  came  through  the  sand  in  a  few 
hours,  and  the  conditions  appear  to  be  such  that  they  could  live 
for  a  number  of  days,  in  decreasing  number,  in  the  lower  part  of 
the  tank ;  but,  after  those  which  came  in  with  the  first  sewage  had 
passed,  no  bacteria  could  pass  through  the  sand  in  less  than  three 
weeks.  The  number  in  September  averaged  127  ;  in  October,  18  ; 
and  in  November,  19.  In  the  latter  month  there  was  no  nitrifica- 
tion, —  the  free  ammonia  averaged  1.8325  parts  and  the  albuminoid 
ammonia  0.0374  parts.  The  time  of  passage  without  oxygen  was 
too  long,  although  food  was  abundant.  To  determine  if  these  small 
numbers  grew  in  the  faucet  below  the  spigot,  this  was  sterilized  by 
heat,  after  which  the  first  sample  contained  8  and  the  second  sample 
2,  —  which  probably  represented  a  sterile  liquid  within  the  tank  at 
the  bottom. 

Three  days  later,  sewage  standing  on  the  surface  contained  only 
16,400  per  cubic  centimeter,  due  no  doubt  to  microscopic  and  other 
organisms  there  which  lived  on  bacteria.  Samples  ttken  by  plugs 
in  the  side  of  tank  at  different  distances  below  the  surface  contained, 
at  one  foot  below,  4,270  bacteria ;  at  2.5  feet,  3,944 ;  at  4  feet,  147, 
and  the  effluent  from  the  bottom  contained  3. 

Effect  op  Resuming  Intermittent  Filtration. 
After  draining  the  tank  on  Nov.  28,  1888,  to  resume  intermittent 
filtration,  and  before  sewage,  applied  at  the  surface  with  air  in  the 
sand,  had  reached  the  outlet,  the  number  of  bacteria  on  December  5 
was  10,416.  The  number  at  this  time  was  large,  evidently  because 
the  food  supply  was  large ;  nitrification  was  not  yet  sufficiently  com- 
plete to  kill  them,  and  the  time  of  passing  through  the  filter  was 
short,  being  but  one-third  as  long  as  in  the  previous  week.  At 
this  time  air  could  freely  enter  the  outlet  pipe  and  nitrification 
had  begun,  and  the  nitrates  had  become  0.09U0  parts,  while  the 
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ammonias  were  2.18  parts.  Two  days  later,  the  number  of  bacteria 
in  the  effluent  that  had  corne  down  from  the  surface  mingled  with  air 
was  but  34  ;•  and  the  average  number  in  the  month,  after  the  fifth, 
was  82.  During  this  time  the  nitrates  were  increasing  from  0.1200 
parts  to  0.4500  parts,  and  the  ammonias  were  about  1.9  parts. 

In  January,  1889,  the  average  number  was  1,584,  while  the 
nitrates  averaged  1.713  parts,  —  which  was  17  per  cent,  more  than 
the  amount  of  nitrogen  applied  ;  but  at  the  same  time  the  ammonias 
amounted  to  0.6630  parts.  On  January  17,  twelve  counts  were 
made  from  hour  to  hour,  varying  from  322  to  1,892,  and  averaging 
651.  In  February  and  March,  the  nitrates  continued  high ;  and  the 
ammonias  decreased,  becoming  0.0330  parts  and  0.0151  parts,  and 
the  numbers  of  bacteria  were  44  and  118. 

In  December,  with  nitrates  low  and  ammonias  very  high,  there 
were  but  few  bacteria.  In  January,  with  nitrogen  of  nitrates  in 
excess  of  that  applied,  but  with  high  ammonias,  the  number  of  bac- 
teria, though  much  greater,  was  but  one-quarter  of  one  per  cent,  of 
the  number  in  the  sewage.  In  February  and  March,  with  high 
nitrates  and  low  ammonias,  the  number  was  much  reduced,  but  was 
still  nearly  the  same  as  in  December,  when  ammonias  were  very 
high  and  nitrates  low. 

From  all  of  the  observations  upon  Tank  No.  12  we  may  expect 
that,  when  applying  the  sewage  once  a  day  and  filtering  at  the  rate 
of  30,000  gallons  of  sewage  to  the  acre  and  removing  99  per  cent, 
of  the  organiH  matter,  there  will  be  found  in  the  effluent  a  small 
fraction  of  one  per  cent,  of  the  number  of  bacteria  applied. 

Number  of  Bacteria  when  Filtering  Water  Containing 
Different  Substances. 

After  the  application  of  sewage  to  this  tank  was  discontinued 
(April  15,  1889),  and  it  was  used  for  the  filtration  of  egg-albumen 
and  of  sugar  in  city  water,  some  interesting  experiments  were  made 
upon  the  removal  of  bacteria,  which  will  be  presented  in  detail  in 
the  report  of  Professor  Sedgwick,  which  is  to  follow.  Some  of  the 
more  important  results  will  here  be  presented. 

While  filtering  egg-albumen  in  city  water  from  April  16  to 
June  20,  the  average  number  of  bacteria  in  the  effluent  was  14. 
Through  July  and  the  early  part  of  August  the  number  averaged  26. 
At  this  time  nitrification  was  nearly  complete. 
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Addition  of  Bacillus  Prodigiosus  in  Bouillon. 
On  August  7,  a  litre  of  bouillon,  containing  'many  millions  of 
Bacillus  prodigiosus,  was  mixed  with  the  water  and  applied  to  the 
filter  in  the  morning  at  half-past  ten.     On  August  8,  the  number  of 
bacteria  found  in  the  effluent  was  60  per  cubic  centimeter.     At  1 
P.M.  the  number  counted  was  13,440;  two  hours  later  the  number 
was  58,800;    two  hours  after  this  the  number  had  increased   to 
81,700;  and  the  count  at  9  p.m.  gave  108,100.     Upon  the  culture 
plates  of  this  afteraoon  Bacillus  prodigiosus  was  found  in  abundance. 
On  August  9  the  number  of  bacteria  found  at  different  hours  in  the 
day  was  high  in  the  forenoon,  reaching  12,964  at  noon  and  decreas- 
ing to  494  at  nine  in  the  evening.     The  average  number  found  on 
August  10  was  before  1  o'clock,  648,  but  at  9  p.m.  the  number  was 
but^S  ;  and  three  counts  of  samples  taken  on  August  11  averaged  4. 
The  gi-eat  increase  of  the  number  in  the  effluent,  due  to  the  large 
number  applied,  and  due  also  to  a  large  amount  of  food  material 
prepared  for  their  sustenance,  was  limited  through  the  time  from 
noon  of  August  8  to  the  evening  of  August  9  ;  and  by  the  evening 
of  August   10  the  effect  of  this  seems  to  have  been  spent.     There 
were  a  few  high  numbers  found  on  August  12,  13  and  14,  when  the 
effluent  was  flowing  out  most  rapidly.     The  average  number  found 
by  41  counts,  from  August  12  to  the  end  of  the  month,  was  187. 
On  September  18,  19  and  20,  the  average  number  counted  in  the 
effluent  was  199. 

Application  OF  Bouillon  Containing  no  Bacteria. 
On  September  20,  the  same  quantity  of  bouillon,  like  that  applied 
on  August  7,  was  again  applied.  This  consisted  of  900  cubic  centi- 
meters of  water,  and  9  grams  of  peptone  which  was  put  into  the 
three  gallons  of  city  water  daily  applied.  The  bouillon  applied  at 
tMs  time  differed  essentially  from  that  applied  on  August  7  by  being 
completely  sterilized,  so  that  it  contained  no  bacteria.  Some  of  this 
solution  reached  the  outlet  in  regular  course  on  September  21 ;  and 
at  10.30  A.M.,  when  the  effluent  was  flowing  out  very  slowly,  the 
number  of  bacteria  found  was  54,600,  in  contrast  with  9,  which  were 
found  under  the  same  conditions  on  the  previous  day;  and  at  1.55 
P.M.,  when  the  effluent  was  flowing  most  rapidly,  the  number 
counted  was  57,600,  instead  of  125  found  under  the  same  conditions 
on  the  previous  day.     In  the  following  hours  of  the  afternoon,  the 
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number  decreased  slowly,  until  at  9  p.m.  it  was  26,400.  At  the 
time  of  greatest  flow,  on  September  23,  the  number  was  4,485. 
On  September  26  it  was  1,820;  and  on  October  2  the  number 
counted  at  the  time  of  most  rapid  flow  was  736. 

On  August  8,  we  very  naturally  attributed  the  very  large  numbers 
in  the  effluent  to  the  millions  of  bacteria  that  were  applied  to  the 
surface ;  but  we  find,  on  September  21,  nearly  as  large  numbers  in 
the  effluent  upon  applying  the  especially  prepared  food  material 
which  contained  no  bacteria.  This  supply  of  food  material,  applied 
suddenly  without  sufficient  time  to  become  nitrified,  must  have  made 
the  conditions  for  passage  through  the  tank  much  more  favoi*able,  and 
probably  caused  bacteria  existing  there  to  multiply  rapidly  as  long 
as  the  food  material  lasted  and  while  nitrification  was  incomplete. 

This  food  material  was  nearly  all  removed  from  the  tank,  when, 
in  four  days,  a  quantity  of  water  had  been  passed  through  somewhat 
in  excess  of  the  quantity  which  the  tank  ordinarily  contains. 

On  October  3  another  application  of  bouillon  containing  Bacillus 
prodigiosus  was  applied,  with  a  result  similar  to  that  of  August  8, 
but  with  less  increase  of  numbers,  —  thought  to  be  due  to  the 
bouillon  not  being  so  rich  in  food  material.  The  Bacillus  prodigi- 
osus were  abundant  in  the  effluent  on  the  following  day. 

Bacteria  Greatly  Increased  and  then  Decreased  by  Apply- 
ing Sugar. 

On  October  23,  granulated  sugar,  to  the  amount  of  one-tenth  of 
one  per  cent,  was  applied  to  the  three  gallons  of  city  water;  and 
when  this  came  through  the  tank  three  days  later,  the  number  of 
bacteria  counted  was  93,030,  —  which  is  one  hundred  and  fifty  times 
the  number  found  in  the  previous  three  days.  The  average  number 
in  the  last  six  days  of  October  was  16,505.  The  same  solution  was 
applied  continually  through  November  and  until  December  8.  The 
number  of  bacteria  continued  high  until  November  21,  averaging 
2,884 ;  after  which  the  number  was  much  smaller,  averaging,  from 
November  22  to  December  8,  62. 

The  reason  of  this  decrease  is  not  entirely  clear,  for  during  this 
time  nitrification  ceased  ;  but  it  may  be  due  to  the  amount  of  ammo- 
nia becoming  very  small.  The  loss  on  ignition  at  this  time  was 
very  high,  being  above  70  parts,  —  due  to  the  carbon  of  the  sugar. 
The  temperature  of  the  water  applied,  which  had  been  above  50°, 
was  from  50°  to  44°, 
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It  is  worthy  of  notice,  that,  with  small  amount  of  ammonia  and 
no  nitrates,  the  conditions  for  life  of  bacteria  appear  to  be  unfavor- 
able even  with  a  large  amount  of  carbonaceous  organic  matter. 

After  December  9,  three  gallons  of  sewage  were  applied  instead 
of  the  city  water  which  had  been  previously  applied ;  and  three 
days  later,  before  the  eflfect  of  the  sewage  could  be  observed,  a 
quantity  of  bouillon  containing  Bacillus  prodigiosus  was  applied ; 
and  on  December  26,  the  same  quantity  was  again  applied.  The 
result  of  the  increase  in  numbers  was  very  much  less  than  in  August 
and  September,  the  greatest  number  immediately  following  being 
but  a  little  more  than  3,000.  On  the  latter  date  it  is  interesting  to 
note  that  the  Bacillus  prodigiosus  were  applied  at  10  a.m.,  and  the 
same  species  was  found  in  the  effluent  at  1  p.m.,  and  in  samples 
taken  at  each  half-hour  the  rest  of  the  afternoon. 

When  sugar  was  applied  with  the  sewage,  through  January  and 
February,  1890,  the  number  of  bacteria  increased  from  38  on  Janu- 
ary 7  to  4,749  on  February  4,  and  averaged  in  this  time  1,247. 
During  this  time  the  loss  on  ignition  was  3.78  parts,  the  ammonias 
were  nearly  constant  at  about  0.02  parts,  and  the  nitrates  decreased 
from  0.60  parts  to  0.08  parts. 

In  the  following  month,  with  the  ammonias  a  little  higher,  (0.024 
paits)  and  the  nitrates  constantly  increasing  until  they  reached  I.IO 
parts,  the  number  of  bacteria  averaged  but  36  per  cubic  centimeter. 

Bacteria  in  Effluent  of  Tank  No.  13. 

The  number  of  bacteria  in  the  effluent  of  Tank  No.  13,  in  the 
latter  half  of  March,  1888,  averaged  855 ;  but  when  nitrification 
began  the  number  was  much  reduced,  and  for  the  next  eight  months 
averaged  75,  —  which  is  about  one  in  10,000  of  the  number  applied. 

The  average  number  counted  for  each  month  was  as  follows :  — 

March,        ....   56,894 

April, 1,019 

May, 75 

June, 72 

July, 40 

No  series  were  taken  from  hour  to  hour  during  the  application  of 
sewage  to  this  tank.  It  is  probable  that  the  number  in  the  effluent 
was  greater  at  certain  hours  in  the  day. 


August, 

98 

September,  . 

66 

October, 

.      185 

November,  . 

61 

December,  . 

6 
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On  December  5,  a  very  large  number  of  Bacillas  prodigiosus  were 
added  to  the  sewage.  At  5  p  m.  December  7,  and  11  a.m.  Decem- 
ber 8,  this  species  of  bacteria  was  found  in  the  effluent;  showing 
that  it  was  possible  for  a  few  representatives  of  this  species  to  live 
to  be  carried  through  this  sand  when  two  and  three  days  on  the 
passage. 

Effect  on  Bacteria  op  Filtering  Water  Containing  Ammonia. 

The  average  number  of  bacteria  in  the  effluent  during  December, 

1888,  was  6.  At  this  time  the  average  number  in  the  sewage 
applied  was  343,000,  and  the  nitrates  of  the  effluent  contained  50 
per  cent,  of  the  total  nitrogen  of  the  sewage.  Upon  changing  the 
liquid  applied  to  the  filter  from  sewage  to  city  water  containing 
ammonium  chloride  and  sodium  carbonate,  which  probably  contained 
about  60  bacteria,  the  number  found  in  the  effluent  until  March  6, 

1889,  averaged  31  per  cubic  centimeter. 

From  March  7  to  April  29,  1889,  the  water  which  was  applied 
was  boiled  and  then  cooled.  It  was  probably  nearly  sterile  when 
applied  to  the  filter,  but  the  number  found  in  the  effluent  during 
this  time  averaged  49.  During  this  time  the  nitrification  in  the 
filter  was  nearly  complete  ;  and,  although  few  or  none  were  applied 
in  the  water,  examinations  of  the  sand  half  an  inch  below  the  surface 
were  made  on  March  6,  April  3  and  April  20,  and  the  number  of 
bacteria  found  in  one  gram  of  sand  was  327,000,  333,000  and 
400,000  on  the  several  days;  showing  that  while  applying  water 
which  had  been  sterilized,  containing  a  large  amount  of  ammonia, 
the  number  of  bacteria  in  the  sand  near  the  surface  had  not  de- 
creased but  had  slightly  increased. 

From  April  29  to  August  30  the  applied  water  was  not  boiled, 
and  the  number  of  bacteria  in  the  effluent  was  very  much  increased. 
On  the  following  day  the  number  was  722.  In  May  the  number 
increased  from  851  to  2,656,  averaging  1,784.  In  this  month  a 
large  number  of  colonies  of  one  kind  was  found  in  all  the  samples 
from  this  tank.  In  June  the  number  averaged  2,255.  In  July 
the  number  was  but  210  in  the  middle  of  the  month  when  the 
ammonias  were  lowest,  but  increased  to  156,800  in  the  latter  part 
of  the  month  when  the  ammonias  were  very  high,  and  other  con- 
ditions soon  to  be  mentioned  existed,  and  averaged  for  the  month 
49,000  per  cubic  centimeter. 
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Effect  of  Fobcing  Boiling  Wateb  into  the  Bottom  op  the 

Filter. 
Several  times  daring  this  month  an  attempt  was  made  to  sterilize 
the  lower  portion  of  this  tank  by  forcing  boiling  water  in  through  the 
outlet  faucet,  and  allowing  it  to  run  out  through  six  taps  in  the  side 
of  the  tank  that  were  six  inches  from  the  bottom.  Upon  drawing 
out  through  the  outlet  faucet  the  water  last  introduced,  it  was  gener- 
ally found  to  be  quite  sterile,  and,  for  a  short  time  after  it  had 
flowed  out,  the  number  of  bacteria  found  in  the  effluent  was  very 
small ;  but  some  hours  later,  when  the  liquid  from  the  upper  part  of 
the  tank  had  come  down  through  this  sand  which  appears  to  have 
been  sterilized,  the  number  of  bacteria  found  in  the  effluent  was 
enormously  increased,  being  often  from  twenty  to  fifty  times  the 
number  found  in  the  effluent  before  the  hot  water  was  introduced. 
It  is  probable  that  the  water,  which  was  heated  to  boiling  when 
poured  into  the  faucet,  prepared  the  organic  matter  which  was  in 
the  sand  so  that  it  was  a  better  food  supply  for  the  bacteria,  and 
that  they  consequently  increased  in  much  larger  numbers  than  usual, 
when  coming  down  through  it ;  the  increase  in  temperature  was  also 
favorable  to  their  growth.  These  hot  water  applications  were  made 
on  July  2,  6,  9,  18  and  29 ;  also  on  August,  2,  13  and  22.  All  the 
very  high  numbers  found  in  July  and  in  the  following  month  of 
August  were  thus  associated  with  the  application  of  hot  water  to 
the  lower  part  of  the  tank,  and  were  probably  caused  by  it.  In 
August  the  average  number  was  9,250. 

Xu3iBEE  OF  Bacteria  Fouxd  in  the  Sand  at  Different  Depths. 
On  August  27,  after  the  lower  part  of  the  tank  had  been  sterilized 
by  hot  water  several  times,  and  after  the  very  large  numbers  of 
bacteria  had  been  found  in  the  effluent,  a  hole  two  inches  in  diameter 
was  bored  down  through  the  sand  from  top  to  bottom,  and  the 
number  of  bacteria  found  in  a  gram  of  the  sand  taken  at  different 
depths  was  determined  with  the  following  results  :  — 


Distance  below 

the  Sarfiice. 

Inches. 

Number 
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Distance  below 
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Knmber 
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Here  the  number  of  bacteria  decreases,  rapidly  at  first,  from 
99,200  in  the  upper  quarter  of  an  inch  to  6,100  at  47  inches  below 
the  surface.  During  these  months  the  average  number  in  the 
applied  city  water  was  55  per  cubic  centimeter,  but  the  number  in 
the  solution  applied  was  not  determined.  It  was  regarded  as  quite 
certain  that  the  method  of  making  the  solution,  up  to  about  April  17, 
caused  it  to  be  sterile.  After  that  time  there  is  some  question 
whether  a  small  number  of  bacteria  were  not  added  with  the  sodium 
carbonate,  which  would  increase  the  number  above  that  found  in  the 
city  water. 

Number  of  Bacteria  Continues  Greater  in  the  Effluent 
THAN  IN  the  Applied  Liquid. 

From  August  30  to  the  end  of  the  year,  the  city  water  used  in 
making  the  solution  was  again  boiled,  and  the  number  of  bacteria 
found  in  the  effluent  was  high  for  a  time,  and  then  much  less.  In 
September  the  average  number  found  in  the  first  half  of  the  month 
was  997 ;  in  the  latter  half  of  the  month  many  observations  were 
made  at  diJflTerent  hours  of  the  day,  and  the  average  number  was 
found  to  be  360.  At  this  time  nitrification  in  the  tank  was  nearly 
complete,  and  the  free  ammonia  was  much  less  than  before  or 
after;  it  was,  however,  from  0.2  to  0.8  parts  per  100,000.  In  the 
month  of  October,  although  the  nitrates  were  very  much  less  and 
the  free  ammonia  much  higher  than  previously,  the  number  of  bac- 
teria found,  as  the  average  of  forty-two  counts,  was  94,  In  Novem- 
ber, when  the  free  ammonia  amounted  to  23  parts  per  100,000 
and  the  nitrates  to  22  parts,  the  average  number  of  bacteria  was 
175 ;  and,  with  a  somewhat  similar  condition  in  December,  they 
averaged  845.  On  November  1  a  sample  of  the  solution  applied 
to  the  tank,  supposed  to  be  nearly  sterilized  by  boiling,  was  exam- 
ined after  it  had  stood  three  days  :  it  was  found  to  contain  21  bac- 
teria per  cubic  centimeter. 

In  this  filter  we  find  that,  although  the  solution  applied  contained 
a  very  small  number  of  bacteria,  the  number  growing  in  the  sand 
near  its  upper  surface  was  large  ;  and  the  large  amount  of  ammonia 
applied  appears  to  have  kept  these  alive  in  the  sand  in  decreasing 
nuqibers  from  the  top  downward,  but  supplying  enough  to  the 
passing  liquid  to  cause  the  number  in  the  effluent  to  be  nearly  all 
the  time  much  larger  than  the  number  applied  daily ;  the  filter  was 
a  breeding  place  for  bacteria.     This  is  a  very  difibrent  result  from 
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those  which  have  been  obtained  from  this  and  from  the  other  filters 
when  sewage  has  been  appljed  to  the  surface. 

The  previous  heating  of  the  sand  in  the  lower  part  of  the  tank 
and  the  use  of  boiled  water  may  have  prepared  food  particularly 
suited  to  support  bacteria  on  the  passage,  as  in  Tank  No.  11. 

Bacteria  in  Effluent  of  Tank  No.  14. 

The  number  of  bacteria  found  in  the  effluent  of  Tank  No.  14 
varied  much  from  day  to  day.  It  was  generally  much  greater  than 
in  the  effluent  from  No.  13,  wher^  the  quantity  of  sewage  filtering 
was  one-half  and  one-third  as  much.  The  low  number,  401,  reached 
in  March  did  not  continue. 

The  average  number  from  Tank  No.  14,  counted  in  the  several 
months,  is  as  follows  :  — 


March,  1888,       . 

.      78,186 

September,  1888,   . 

.      8,169 

April,  1888, 

881 

October,  1888, 

.      2,432 

May,  1888,  . 

.      39,397 

November,  1888,    . 

.       1,453 

June,  1888, . 

.      48,821 

December,  1888,     . 

116 

July,  1888, . 

2,670 

January,  1889, 

635 

August,  1888.      . 

530 

It  is  to  be  remembered  that,  on  June  27,  a  trap  was  put  on  the 
outlet  holding  water  about  six  inches  deep  on  the  bottom  of  the  tank, 
and  that,  on  August  23,  the  quantity  of  sewage  applied  was  in- 
creased from  the  rate  of  120,000  gallons  per  acre  per  day  to  180,000 
gallons  per  acre.  The  average  number  counted  after  the  latter 
quantity  was  applied  was  2,541,  —  or  about  one-half  of  one  per 
cent,  of  the  number  applied. 

Bacteria  in  Liquid  Drawn  from  Filter  at  Different  Depths 
BELOW  the  Surface. 

Many  series  of  obsei'vations  have  been  made  upon  the  effluent  of 
Tank  No.  14 ;  and,  to  aid  in  obtaining  an  understanding  of  where 
changes  took  place,  small  taps  were  inserted  in  the  side  of  the  tank, 
at  different  heights,  from  some  of  which  liquid  could  be  drawn. 

On  Oct.  20,  1858,  nine  gallons  of  sewage  were  applied  at  9.40 
A.M.  This  sewage  contsiined  859,600  bacteria  per  cubic  centimeter. 
About  four  minutes  after  the  beginning  of  the  application,  liquid, 
drawn  from  the  tap  sixteen  inches  below  the  top,  contained  626,400 
per  cubic  centimeter.     Seven  minutes  later,  a  sample  drawn  from 
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the  tap  thirty-two  inches  down  contained  370,800  per  cubic  centi- 
meter. In  the  meantime,  water  that  was  coming  out  with  air 
through  the  faucet  at  the  bottom  of  the  tank  contained  5,930  per 
cubic  centimeter.  The  number  found  in  the  effluent  before  the 
sewage  was  applied  was  709 ;  and  the  effluent  which  came  twenty- 
five  minutes  after  sewage  was  applied  (which  was  after  air  that  was 
in  the  sand  had  been  forced  out  through  the  bottom  outlet,  and 
probably  some  of  the  applied  sewage  had  reached  the  bottom)  con- 
tained 11,304  per  cubic  centimeter. 

Increased  Number  of  Bacteria  Immediately  Following  an 

Application  of  Sewage. 
On  Nov.  17,  1888,  the  effluent,  when  slowly  dropping  from 
the  trapped  outlet,  contained  110  bacteria.  One  minute  after 
beginning  to  apply  seweige,  the  rate  of  flow  being  more  rapid,  the 
number  was  1,000.  Five  minutes  later,  with  much  more  rapid 
flow,  the  number  was  2,600.  Up  to  this  time  the  flow  was  from 
liquid  standing  in  the  bottom  of  the  tank.  This  looks  as  if  bacteria 
settled,  or  were  attached  to  solid  particles  of  sand,  and  did  not 
come  freely  when  the  motion  at  the  outlet  was  extremely  slow  ;  and 
the  number  increased  with  the  rate  of  flow.  Fifteen  minutes  after 
beginning  to  apply  sewage,  the  water  in  the  bottom  of  tank  had 
been  all  forced  out,  and  air,  which  the  sewage  was  pushing  down 
through  the  sa-nd,  was  coming  out  violently  with  a  little  water;  this 
contained  3,332  bacteria.  Ten  minutes  later,  the  air  being  all  out 
and  water  beginning  to  flow,  it  contained  4,000  bacteria.  Ten 
minutes  later,  the  number  was  13,400;  and  after  another  ten 
minutes,  or  45  minutes  after  beginning  to  apply  sewage,  the  number 
was  23,400.  Probably  a  portion  of  the  effluent  at  the  last  two 
counts  came  directly  from  the  sewage,  which  when  applied  con- 
tained 925,800  bacteria  per  cubic  centimeter. 

On  November  24  a  similar  experiment  was  made.  The  sewage, 
then,  was  not  entering  through  the  surface  of  the  filter  quite  so 
freely,  and  probablj'  less  sewage  went  directly  down ;  it  may  have 
merely  pushed  down  liquid  that  was  near  the  upper  part  of  the  tank. 
Before  sewage  was  applied,  the  number  counted  was  255  ;  after  sew- 
age was  applied,  the  number  increased  gradually,  for  an  hour,  to 
18,500 ;  and,  in  the  next  forty  minutes,  decreased  to  8,428.  The 
number  in  the  sewage  was  not  counted  this  day,  but  the  average 
number  in  the  week  previous  was  437,000  per  cubic  centimeter. 
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Foarteen  minutes  after  the  application  of  sewage  was  begun,  the 
number  in  liquid  from  the  tup,  sixteen  inches  below  the  top,  was 
46,500;  and,  four  minutes  later,  liquid  from  the  tap,  thirty-two 
inches  down,  contained  30,8 10  at  the  same  time  that  the  number  in 
the  effluent  from  the  bottom  was  13,400  and  was  decreasing. 

On  December  5,  the  surface  being  still  more  clogged,  the  liquid 
in  the  lower  part  of  the  tank  contained  from  197  to  565  ;  and, 
after  this  had  been  pushed  out,  the  number  counted  was  400  and 
355.  It  is  evident  that,  with  this  condition  of  the  upper  layer,  no 
sewage  came  directly  down  through  the  tank. 

On  December  8,  when  it  took  more  than  two  hours  for  the  sewage 
to  disappear  from  the  surface,  the  number  in  the  efRuent,  for  the 
first  hour  and  a  half  after  beginning  to  apply  sewage,  varied  from 
40  to  129  —  averaging  69  per  cubic  centimeter. 

On  Dec.  15,  1888,  the  number  before  sewage  was  appliod  was 
274.  The  number  increased  to  4,020  an  hour  after  the  applica- 
tion. On  December  29  the  number  before  application  was  335. 
In  one  hour  after  application  it  rose  to  10,619 ;  and,  forty  minutes 
later,  had  fallen  to  4,864.  The  number  in  the  sewage  was  180,200. 
Similar  experiments  were  continued  through  January  with  like 
results. 

These  observations,  with  others  upon  similar  sand  in  other  tanks, 
show  that,  when  a  large  amount  of  sewage  is  put  on  after  the  sand 
is  drained,  some  of  the  sewage  first  applied  reaches  the  bottom  in  a 
short  time,  carrying  with  it  many  bacteria.  The  remaining  sewage 
comes  more  slowly  and  is  mingled  with  liquid  previously  in  the 
tank,  in  the  whole  of  which  processes  are  going  on  which  are  not 
favorable  to  the  existence  of  bacteria.  They  decrease  in  numbers 
from  the  top  down;  and,  at  other  hours  in  the  day  than  that 
immediately  following  the  application,  the  number  to  be  found  in 
the  effluent  is  but  a  small  fraction  of  one  per  cent,  of  the  number 
applied ;  and,  at  the  hour  when  greatest,  the  highest  number  found 
in  these  experiments  was  six  per  cent,  of  the  number  applied. 

Bacillus  Prodigiosus  Carried  through  the  Filter. 

On  Nov.  21, 1888,  a  large  number,  —  many  millions,  —  of  Bacillus 
prodigiosus  were  applied  with  the  sewage.  Samples  were  taken ; 
and  this  species  was  found  in  all  of  them,  as  follows :  — 

From  tap  sixteen  inches  below  the  surface,  at  seven  minutes  and 
at  ten  minutes  after  sewage  was  on. 
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From  tap  thirty-two  inches  down,  at  twelve  minutes  after  sewage 
was  on  ;  also,  on  the  next  morning. 

From  the  bottom  they  were  found  on  the  next  day  at  10.25, 
11.30  and  1.55;  also,  on  the  morning  of  the  fourth  day.  They 
were  not  looked  for  on  the  day  when  applied. 

Effect  of  Applying  Citt  Watee. 

During  the  special  experiments  with  Tank  No.  14,  from  February 
to  May,  1889,  it  may  be  observed  that,  when  the  city  water  was 
flowing  through  the  tank  from  February  11  to  21,  the  number  of 
bacteria  counted  in  the  effluent  was  much  less  than  usual,  being  85 
and  35  per  eubic  centimeter. 

From  examinations  of  similar  sand  in  other  tanks  it  is  probable 
that  at  this  time,  large  numbers  of  bacteria  were  stored  in  the  sand 
of  this  tank  from  top  to  bottom ;  and  it  is  remarkable  that,  when 
city  water  was  running  through,  the  number  in  the  effluent  was  little 
if  any  greater  than  the  number  in  the  wat6r  applied.  This  condi- 
tion of  few  bacteria  in  the  effluent  when  many  were  stored  in  the 
tank  has  been  frequently  noticed ;  and  suggests  that  the  kinds  of 
bacteria  that  are  found  distributed  through  the  sand  are  not  moving 
from  top  to  bottom  with  the  liquid,  but  are  adapted  to  live  there, 
and  are  so  permanently  attached  to  the  sand  that  they  are  only 
occasionally  moved  along  by  the  passing  liquid. 

This  suggestion  is  supported  by  the  fact  already  mentioned,  that 
in  December,  1888,  the  bacteria  distributed  through  the  sand  of 
Tank  No.  1  were  nearly  all  of  one  kind.  At  the  same  time  those 
in  the  lower  part  of  Tank  No.  4  were  of  the  same  kind,  none  of 
which  kind  were  then  found  in  the  effluent. 

Bacteria  Increased  during  Exclusion  of  Air  and  Increase 
OF  Ammonias,  and  Decreased  by  Nitrification. 

Upon  again  applying  sewage,  and  excluding  air  from  the  tank, 
by  which  the  nitrates  were  very  much  reduced  and  the  ammonias 
increased,  the  number  of  bacteria  increased  to  11,620  per  cubic  centi- 
meter ;  but  the  tank  continuing  in  similar  condition  they  decreased 
to  4,446. 

When  the  cover  was  again  removed,  and  the  aspirator  had  been 
run  for  a  week,  and  the  nitrates  contained  as  much  nitrogen  as  the 
applied  sewage,  the  number  of  bacteria  was  still  4,200. 

Upon  putting  on  the  cover  again,  and  excluding  air,  the  number 
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increased  to  7,105;  but,  upon  again  applying  the  aspirator,  and 
causing  the  nitrogen  of  the  nitrates  to  increase  to  180  per  cent,  of 
the  nitrogen  applied  in  the  sewage,  the  number  decreased  to  110. 

After  this  time,  from  June  to  Dec.  17,  1889,  the  aspirator  was 
moving  the  air  within  the  tank ;  the  nitrates  were  high  and  the 
ammonias  low,  and  the  number  of  bacteria  averaged  57.  The  quan- 
titj^  of  sewage  filtered  during  this  time  was  at  the  rate  of  60,000 
gallons  per  acre  per  day ;  and  the  number  of  bacteria  in  a  cubic 
centimeter  of  the  sewage  was  about  500,000. 

After  Dec.  17,  1889,  air  was  excluded  from  the  tank,  and  the 
ammonias  increased  to  1.4  parts  per  100,000 ;  and  from  Jan.  4, 1890, 
to  February  14  there  was  no  nitrification  and  probablj'  no  free  oxy- 
gen in  the  tank ;  and  the  number  of  bacteria  averaged  2,606.  It 
appears  that  this  number,  equal  to  one-half  of  one  per  cent,  of  the 
nxmiber  applied,  is  able  to  survive  the  passage,  even  without  oxygen. 
This  is  not  surprising  when  we  consider  that,  with  this  coarse  sand, 
some  of  the  sewage  gets  through  in  a  few  hours  after  it  is  applied ; 
and,  with  this  quantity  flowing,  nearly  all  the  liquid  that  is  in  the 
tank  is  renewed  in  three  days. 
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TABLES  OF  CHEMICAL  ANALYSES  OF  EFFLUENT 


Tanks  ^"0.  12,  ISTo,  13  and  N'o.  14; 

TOGETHER  WITH  T;HE  DAH^Y  QUANTITY  AND  TEMPERATURE  OF 

THE  SEWAGE  APPLIED  AND  OF  THE  EFFLUENT; 

AND  OTHER  OBSERVATIONS. 


FILTER   TANK   No.    12. 

Febmary,  18SS. 


1 

9 

Rrsiduk  on 

EVAPORATIOK. 

Ahvoxia. 

NiTBOOMI  AS 

Tkkpbb- 

ATCRI, 

Date. 

«a 

0^ 

§1 

1 

1 

P 

-< 

r 

j 

s 

i 

7r4 

1 

1 

16.. 

1.5 

1.8 

5.70 

11.80 

.0222 

.0480 

.0702 

1.76 

.0200 

Present. 

44- 

17,. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

18.. 

10.5 

10.8 

4.70 

0.00 

.0290 

.0350 

.0640 

1.70 

.0100 

Present. 

«-i*^ 

10,. 

1.5 

0.0 

- 

- 

- 

- 

- 

- 

- 

- 

43' 

- 

20,. 

1.5 

1.8 

3.20 

8.70 

.0104 

.0194 

.0388 

1.64 

.0160 

Present. 

44* 

- 

21,. 

1.5 

1.1 

3.20 

8.S0 

.0186 

.0182 

.0368 

1.60 

.0250 

Present. 

44* 

- 

21,. 

- 

- 

3.40 

8.20 

.0128 

.0186 

.0314 

1.62 

.0150 

Present. 

i    - 

- 

22.. 

1.5 

1.1 

3.40 

7.50 

.0102 

.0240 

.0342 

1.85 

.0150 

Present. 

44' 

' 

23,. 

1.5 

2.4 

- 

- 

- 

- 

- 

- 

- 

- 

1 
44*  4r 

24.. 

1.5 

1.4 

4.80 

0.00 

.0052 

.0236 

.0288 

2.37 

.0090 

Present. 

'44*   43" 

25,. 

1.5 

1.8 

4.20 

8.60 

.0072 

.0242 

.0314 

2.64 

.0070 

Present. 

42"  «• 

26,. 

1.5 

1.3 ; 

- 

- 

- 

- 

- 

- 

- 

- 

44.     - 

27.. 

1.6 

1.6 

3.40 

8.80 

.0146 

.0168 

.0314 

2.45 

.0050 

Present. 

44-  41' 

28,. 

1.5 

1.8 

- 

- 

- 

- 

- 

- 

- 

- 

44*  3S' 

29,.        , 

1.5 

1.6 

3.30 

8.70 

.0160 

.0162 

.0322 

2.27 

.0050 

Present. 

44'     - 

Febraary  16. — First  sewage  applied. 
Total  effluent  to  end  of  month.  28.9  gallons. 
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Filter  Tank  No.  i  2— Continued. 

Harek,  1888. 


1^ 

^1 
1^ 

Run)0s  ox 

EVAPOBATIOM. 

Ammoxia. 

j 

NiTBOOBM  AS 

§00 

▲TD3U. 

Datb. 

1^ 

1 

1 

1 

g 

j 

1 

1 

1,  .   . 

1»6 

1.6 

» 

. 

« 

„ 

. 

« 

„ 

« 

_ 

44* 

38* 

%    .   . 

1.6 

i.a 

3.30 

8.90 

.0176 

.0116 

.0202 

2.00 

.0000 

.0026 

- 

44* 

sr 

s.  .  . 

1.6 

1.5 

- 

- 

- 

- 

- 

- 

- 

- 

- 

44- 

89* 

4,  . 

1.8 

1.8 

- 

- 

- 

- 

- 

- 

- 

- 

- 

44- 

3«* 

5.  .   . 

1.6 

1.5 

8.60 

7.00 

.0200 

.0120 

.0820 

2.00 

.0160 

.0080 

- 

44- 

- 

fi.  .   . 

1.6 

l.S 

- 

- 

- 

- 

- 

- 

- 

- 

- 

43- 

36* 

T,  .   . 

1.6 

0.8 

3.00 

8.60 

.0196 

.0106 

.0902 

2.08 

.0100 

.0060 

- 

42- 

40» 

s.  .  . 

1.5 

2.2 

3.00 

9.40 

.0210 

.0118 

.0828 

2.44 

.0120 

.0044 

- 

44* 

- 

».  .   . 

10,  .   . 

1.5 

1.6 
1.6 
1.3 

- 

- 

- 

- 

- 

- 

- 

- 

- 

42- 
44' 
44* 

38* 

40* 
40* 

12,  .   . 

13.  .    . 

1.6 

1.6 
1.4 

2.00 

9.00 

.0210 

.0110 

.0820 

1.88 

.0160 

.0066 

•  " 

44- 
44' 

41* 

14,  .   . 

1.6 

1.5 

1.00 

9.00 

.0190 

.0106 

.0296 

1.82 

.0280 

.oon 

- 

44* 

40* 

15.  .    . 

1.6 

1.7 

2.70 

8.30 

.0216 

.0066 

.0282 

1.90 

.0160 

.0080 

- 

- 

40* 

16,  .   . 

17,  .   . 

18,  .   . 

1.6 

1.4 
1.6 
1.1 

- 

- 

- 

- 

- 

- 

- 

- 

- 

48* 
43* 
44* 

40* 

W,  .   . 

1.6 

1.8 

2.70 

8.70 

.0200 

.0106 

.0312 

2.02 

.0160 

.0033 

- 

43* 

44* 

20,  .   . 

1.4 

- 

- 

- 

- 

- 

- 

- 

- 

- 

44* 

- 

21,  .   . 

1.6 

1.70 

8.80 

.0268 

.0112 

.0870 

1.90 

.0290 

.0040 

- 

44* 

48* 

22,  .   . 

1.6 

2.00 

8.80 

.0280 

.0162 

.0442 

2.16 

.0180 

.0042 

- 

40* 

43* 

23,  .   . 

1.6 

l.S 

- 

- 

- 

- 

- 

- 

- 

- 

- 

44* 

- 

24.  .   . 

1.6 

1.4 

- 

- 

- 

- 

- 

- 

- 

- 

20  B. 

44* 

- 

25,  .   . 

1.6 

1.5 

1.00 

8.00 

.0264 

.0126 

.0390 

1.80 

.0100 

.0028 

- 

44* 

38* 

M,  .   . 

1.6 

1.5 

- 

- 

- 

- 

- 

- 

- 

- 

20  0. 

44* 

41* 

27.  .   . 

1.6 

1.6 

1.10 

9.70 

.0204 

.0122 

.0416 

1.64 

.0180 

.0036 

20  b. 

44* 

39* 

38,  .   . 

1.6 

1.6 

- 

- 

- 

- 

- 

- 

- 

- 

- 

44* 

- 

29.  .   . 

1.6 

1.4 

1.60 

10.40 

.0344 

.0132 

.0476 

2.84 

.0200 

.0026 

- 

43* 

42* 

30,  .   . 

1.6 

1.1 

- 

- 

- 

- 

- 

- 

- 

20  b. 

44- 

41* 

81.  .   . 

1.6 

0.2 

- 

- 

- 

- 

- 

- 

- 

- 

- 

44* 

- 

EfSaent  colorleBB,  generally  clear  and  with  very  little  or  no  sediment. 
March  31.  —  Outlet  closed  at  10.59  am.    River  high. 
Total  el&nent  to  end  of  month,  72.7  gallona. 
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FiUer  Tat^  No.  12  —  Continued. 

ArrU,  ISSO. 


1 

Rrsidub  on 
Evaporation. 

AancoNXA. 

NITBOOKM  AS 

|1 

Tebpeb- 

ATUai. 

Datb. 

1^ 

1 

1 

1' 

1 

j 

1 

1 

*i 

1..    . 

2,  .       . 

8,  .        . 

4,  .       . 

6.  .       . 

6,.        . 

T,  .        . 

8,  .        . 

».  .  . 
10,  .  . 
11,.  . 
12..  . 
18..  . 
14..  . 
16..  . 
16..  . 
17,.  . 
18,.  . 
19,.  . 
20,  .  . 
21..  . 
22.  .  . 
23,.  . 
24,.  . 
26.  .  . 
26,.  . 
27..        . 

28,  .        . 

29.  .        . 
80,.        . 

1.6 
1.6 

1.6 
1.6 
1.5 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
3.0 

1.6 
3.0 

2.1 
1.1 

2.6 

2.10 

2.70 
2.20 

2.60 
2.60 
3.80 

8.60 
3.70 

6.90 
4.40 

8.80 

11.60 
10.10 

10.80 
12.60 
12.60 

13.90 
16.60 

16.80 
16.60 

.0304 

.0400 
.0400 

.0840 
.1120 
.1360 

.1800 
.1800 

.2760 
.2720 

.0130 

.0128 
.0138 

.0136 
.0210 
.0260 

.0170 
.0090 

.0090 
.0170 

.0434 

.0628 
.0538 

.0976 
.1380 
.1620 

.1970 
.1890 

.2860 
.2890 

2.60 

2.30 
2.45 

2.60 
3.14 
3.12 

3.20 
3.76 

3.98 
3.20 

.0200 

.0360 
.0300 

.0860 
.0260 
.1200 

.1600 
.1900 

.4000 
.3600 

.0087 

.0038 
.0003 

.0021 
.0036 
.0038 

.0040 
.0040 

.0080 
.0090 

46  b. 
20  b. 

50  b. 
26  b. 
20  b. 

30  b. 
36  b. 

36  b. 
36  b. 
40  b. 
40  b. 

43* 
46- 

44- 

45' 

45* 
48- 
42- 
46' 
42- 
43* 
42- 

48* 
42- 
42- 
46' 
44' 

4r 

43- 
45' 

Effluent  colorless,  dear  or  nearly  bo  and  generally  with  little  sediment. 

Aprils.  — Outlet  opened  at  7.16  a.m.    Outlet  closed  from  6.05  P. x.,  April  6, to  7.48 A.X., ApiilH- 
River  high.    April  29.  — Outlet  closed  at  6.38  P.x.    River  high. 
Total  effluent  to  end  of  month,  104.6  gallons. 
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Filter  Tank  No.  12  —  Continued. 

Hmjr,  ISSS. 


1 

'J 
1^ 

Rbsioub  ox 
Evaporation. 

AXXONXA. 

i 

NITBOOBH  AB 

ATCBX. 

DATS. 

§ 

i 

1 

J 

00 

55 

1 

1 

1,. 

2,. 

a.. 

4.. 

3,. 

6,. 

'.  . 

8..        , 

9,. 
10,. 
11.. 
12.. 
13.. 
14.. 
15.. 

le.. 

17,. 

18,. 

»,. 

20,. 

21,. 

— »  • 

23,. 

24.. 

25,. 

26,. 

21,. 

28,.       . 

».. 

30,.       . 

31.. 

1.6 
3.0 

1.6 
1.6 
1.6 
1.5 
1.6 
8.0 

1.8 
1.6 
8.0 

1.5 
1.6 
1.6 
1.5 
1.5 
8.0 

1.5 
1.6 
1.6 
1.6 

1 

2.0 
2.9 
0.7 
.7 
1.6 
1.6 
1.4 
1.4 
2.1 

2.6 
1.6 
2.9 
0.7 

.8 
1.7 
1.4 
1.6 
1.4 
8.0 
0.6 

.7- 
1.7 
1.5 
1.6 

11.20 

16.40 
14.00 

14.40 
14.70 

13.80 

16.00 

18.00 
16.80 

16.90 
16.10 

18.60 

.2700 

.8250 
.8660 

.2800 
.2360 

.2200 

.0240 

.0220 
.0230 

.0130 
.0070 

.0060 

.2040 

.8470 
.3780 

.2030 
.2420 

.2260 

2.78 

8.03 
3.11 

3.10 
8.68 

3.90 

1.0000 

2.6000 
1.6000 

1.8000 
2.0000 

1.0000 

.0120 

.0100 
.0688 

.0164 
.0106 

.0106 

46* 
46* 

60' 
48" 

60" 
61' 
61- 
49- 

49* 
49* 
80" 

i. 

8V 
82* 
88* 
66* 
86* 

vr 

67* 
66' 

67' 

6r 

EiSaent  coIorleBS  and  generally  dear  and  with  very  little  sediment. 

May  4.— Outlet  opened  at  9.36  A.x.    May  9.— Much  sand  In  sample.    Outlet  eloeed  from  840  p.x.t 
May  12.  to  8.08  A.M.,  April  17. 

Total  effluent  to  end  of  month,  142.4  gallons. 
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Filler  Tank  No.  12  —  Contmued. 

Jane,  1888. 


1 

1 
1^ 

ZvAFiiiUTidir. 

Ahkohia. 

j 

1  Kimoafis  ij 

Tomur 
Aim. 

Datx. 

|i 

i 

is 

i 

1 

i 

j 

1 

1 

1 

1 

1.6 

1.4 

8.80 

20.20 

.0800 

.0110 

.0010 

4.6S 

1.1000 

.0080 

1  58* 

2 

3.0 

2.7 

- 

- 

- 

- 

- 

- 

- 

ieo- 

- 

8..        .        .        . 

- 

0.6 

- 

- 

- 

- 

- 

- 

- 

- 

- 

4 

1.6 

.7 

- 

- 

- 

- 

- 

-        i 

- 

- 

69* 

- 

6..        .        .        . 

1.6 

1.7 

17.00 

23.10 

.2320 

.0080 

.2400 

4.66 

2.0000 

.0101 

er 

- 

« 

1.6 

1.4 

- 

- 

- 

- 

- 

- 

- 

- 

61" 

- 

T 

1.6 

1.6 

16.00 

39.00 

.0640 

.0140 

.0780 

13.68 

.3500 

.0200 

64* 

er 

8..        .        .        . 

1.6 

1.4 

- 

- 

- 

- 

- 

- 

- 

64* 

65' 

» 

8.0 

2.0 

- 

- 

- 

- 

- 

- 

- 

66* 

er 

10,.        .        .        . 

- 

0.7 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

11..        .        .        . 

1.5 

.8 

11.80 

20.80 

.0440 

.0110 

.0550 

10.72 

.6300 

.0190 

68* 

eff 

12..        .        .        . 

1.6 

1.4 

- 

- 

- 

- 

- 

- 

- 

- 

65* 

ee* 

18,.        .        .        . 

1.5 

1.5 

- 

- 

- 

- 

- 

- 

- 

- 

64« 

itr 

w 

1.5 

1.5 

11.20 

23.30 

.0320 

.0120 

.0440 

7.13 

1.1000 

.0070 

66" 

61* 

15 

1.6 

1.5 

- 

- 

- 

- 

- 

- 

- 

- 

65* 

6sr 

1« 

3.0 

3.1 

- 

- 

- 

-    • 

- 

- 

- 

- 

66* 

- 

17..        .        .        . 

- 

0.6 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

18,.        .       .        . 

1.6 

.7 

4.70 

26.70 

.0160 

.0050 

.0210 

6.75 

.noo 

.0140 

68* 

- 

w 

1.6 

1.5 

- 

- 

- 

- 

- 

- 

- 

- 

68* 

68- 

20 

1.6 

1.4 

- 

- 

- 

- 

- 

- 

- 

- 

70* 

esr 

21..        .        .        . 

1.6 

1.6 

8.80 

26.20 

.0130 

.0002 

.0222 

6.42 

.0000 

.0080 

69" 

- 

22 

1.6 

1.5 

- 
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- 

- 

er 

«r 

Efflaent  dear  and  colorleu  and  with  little  or  no  sediment. 

Jane  27.  —  Trap  put  on  outlet  pipe.    Outlet  closed  from  5.30  p.m..  June  26,  to  10.04  a.m.,  Jane  28. 

Total  effluent  to  end  of  month.  184.0  gallons. 
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Filler  Tank  No.  12  —  Continued. 

Smty,  1S88. 
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Sfflaent  colorleas  and  generally  clear  and  free  from  sediment. 

jQly  27.— Outlet  closed  at  5.14  a.m.,  and  Unk  filled  with  sewage.    Thereafter  outlet  open  only  to 
draw  efflnent,  generally  6  minutes  30  seconds  dally. 
Total  effluent  to  end  of  month,  227.58  gallons. 
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Filter  Tatik  No.  12  —  Continued. 
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Efflnent  generally  nearly  clear  or  alightly  milky,  with  little  or  no  aediment  and  with  color  from 
0  to  0.1. 

After  Angnst  1,  residue  on  evaporation  obtained  with  sodium  carbonate.  Outlet  generally  open  five 
minutes  thirty  seconds  daily.    August  28.  —  Surface  not  all  covered  with  sewage  applied. 

Total  effluent  to  end  of  month,  274.61  gallons. 
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Filter  Tank  No.  12  —  Continued. 

S«ptomb«r.  I8SS. 
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Generally  «  dlBtinct  turbidity  in  efBaent.  little  or  no  Bodiment  and  color  from  0  to  0.2.  September 
17, 20  and  24.— Samples  contained  iron  in  solution.  September  20,  first  sample  from  hole  bored  in  side 
of  tank  one  foot  below  top  of  standing  sewage.  Second  sample  from  hole  in  middle  of  side  of  tank. 
Outlet  generally  open  five  minutes  thirty  seconds  daily. 

Total  efflneot  to  end  of  month,  319  61  gallons. 
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FiUer  Tank  No.  12  —  Continned. 

Oetoker,  188S. 
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- 

- 

1.6600 

.4300 

2.0800 

- 

- 

- 

- 

-       - 

80..        . 

3.00 

2.66 

- 

- 

- 

- 

- 

- 

- 

- 

24  h. 

46" 

- 

81..        . 

1.60 

1.50 

- 

- 

- 

- 

- 

- 

- 

- 

24  h. 

45* 

1 

- 

Effluent  generally  nearly  dear  with  very  little  or  no  sediment  and  with  color  from  0  to  0.1. 

Sample  of  October  8.  of  19.  and  second  of  29.  from  sewage  in  top  of  tank.  October  8.  —  Mncfa  animal 
and  vegetable  growth  in  sewage  standing  on  surface.  October  9  and  80.  —  A  part  of  sarfttce  nnooTered 
after  drawing  effluent.    Outlet  generally  open  about  four  minutes  fifteen  seconds  daily. 

Total  effluent  to  end  of  month.  868.47  gallons. 
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FUter  Tank  No.  12  —  Continued. 


i 

1 

1! 

s  . 

SI 

P 

V 

Residcr  on  1 
evapuration., 

AjocoiriA. 

s 

NiTROOKN  AS 

»  a 

Tbmper- 

ATUKE. 

Datk. 

§1 

1' 

1 

i 

i^ 
^ 

B 

s 

1 

^ 

1 

1 

1.  . 

1.50 

1.50 

4.10 

22.10 

1.7200 

.0370 

1.7570 

1 
5.87 

.0090 

.0000 

24  h. 

I*'' 

» 

2..        . 

1.60 

1.50 

- 

- 

- 

- 

- 

- 

- 

- 

24  b. 

46* 

- 

3,.        . 

3.00 

3.00 

- 

- 

- 

- 

- 

- 

- 

- 

24  b. 

48- 

- 

4..        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

24  b. 

- 

- 

5,.       . 

l.fiO 

1.50 

7.10 

22.20 

i.oeoo 

.0420 

1.7020 

5.32 

'.0080 

.0000 

24  b. 

48- 

- 

«,.       . 

1.50 

1.50 

- 

- 

- 

- 

- 

- 

- 

- 

24  b. 

49* 

- 

7,.       . 

1.50 

1.60 

- 

- 

- 

- 

- 

- 

- 

- 

24  b. 

50- 

- 

8,.        . 

1.50 

1.50 

2.90 

22.20 

1.6600 

.0310 

1.0910 

5.10 

.0100 

.0000 

24  b. 

49- 

- 

ft,  .        . 

1.50 

1.50 

- 

- 

- 

- 

- 

- 

- 

- 

24  b. 

49- 

- 

10..       . 

8.00 

3.00 

- 

- 

- 

- 

- 

- 

- 

- 

24  b. 

48- 

- 

11,  .        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

24  b. 

- 

- 

12,.       . 

1.60 

1.50 

2.00 

22.20 

1.6900 

.0300 

1.7200 

6.88 

.0070 

.0000 

24  h. 

45' 

- 

13,.       . 

1.50 

1.50 

- 

- 

- 

- 

- 

- 

1 

- 

24  b. 

43' 

- 

14..       . 

1.50 

1.50 

- 

- 

- 

- 

- 

- 

- 

- 

24  b. 

43* 

- 

15,.       . 

1.50 

1.50 

2.30 

24.00 

1.9500 

.0340 

1.9840 

7.23 

.0100 

.0000 

24  b. 

42- 

- 

16,.       . 

1.60 

1.60 

- 

- 

- 

- 

- 

- 

- 

- 

24  b. 

42* 

- 

IT,.       . 

3.00 

3.00 

- 

- 

- 

- 

- 

- 

- 

- 

24  b.    1 

42- 

- 

18..       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

24h. 

- 

- 

19.  .       . 

1.50 

1.50 

2.00 

22.80 

2.0000 

.0320 

2.0320 

6.81 

:  .0050 

.0000 

24  b.    1 

40* 

- 

20,.        . 

1.50 

1.50 

- 

- 

- 

- 

- 

- 

- 

- 

24  b. 

40- 

- 

21..       . 

1.50 

1.50 

- 

- 

- 

- 

- 

- 

- 

- 

24  b.    ' 

38' 

- 

22,.       . 

1.60 

1.60 

3.10 

23.90 

1.8100 

.0430 

1.8530 

6.96 

.0050 

.0000 

24  b. 

45' 

- 

23..       . 

1.50 

1.50 

- 

- 

- 

- 

- 

- 

.      - 

- 

24  b. 

44" 

- 

24..       . 

8.00 

3.00 

- 

- 

- 

- 

- 

- 

- 

- 

24  b. 

46* 

- 

25,.       . 

- 

- 

- 

- 

- 

- 

- 

- 

j      ' 

- 

24b.    , 

- 

- 

28..       . 

1.50 

1.60 

2.00 

27.50 

2.1700 

.0600 

2.2200 

8.81 

.0070 

.0000 

24  b. 

45* 

- 

27,.       . 

1.50 

4.66 

- 

- 

2.8800 

.0900 

2.4700 

5.30 

.0200 

.0000 

- 

45* 

- 

27,  .       . 

- 

- 

- 

- 

2.4800 

.0800 

2.6600 

T.64 

.0200 

.0000 

- 

- 

- 

27,.       . 

- 

- 

- 

- 

1.4200 

.1400 

1.6600 

3.93 

.0070 

.0000 

- 

- 

- 

28..       . 

1.50 

21.65 

- 

- 

- 

- 

- 

- 

- 

- 

- 

44* 

50* 

Bf&QentTery  nearly  dear  and  free  from  sedlicent  and  wltb  color  from  0.  to  0.1. 

Oatlet  generally  open  four  minntes  dally  till  November  26.  November  27.  —  Efflnent  drawn  till  sew- 
age Jojt  disappeared  below  snrf ace .  November  28.  —  Tank  drained  and  oatlet  to  be  left  open  but  closed  at 
^M  7.m.  owing  to  bigb  river.  November  27.  —  First  sample,  from  bole  bored  }i  way  down  tank,  second, 
''om  }i  way  down  and  tblrd  from  top  of  tank. 

Total  effluent  to  end  of  montb.  433.67  gallons. 
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Filter  Tatik  No.  12  —  Continued. 


If 
13 

k 

It 

Residub  ox 
Evaporation. 

AlOfONIA. 

Clilorino. 

1                          i 

1    KiTHOGBX  AS 

TllfPEB- 
ATCKI. 

Datk. 

i 

1 

1 

< 

a 

CO 

i 

S 

Ill 

1 

3.00 

8.75 

3.80 

21.90 

2.1000 

.0300 

2.1300 

4.60 

.0300 

.0000 

44* 

43* 

2,.       .        .       . 

- 

0.70 

- 

- 

- 

- 

- 

- 

- 

- 

- 

3,.        .        .        . 

1.50 

.62 

8.10 

21.20 

2.1700 

.0500 

2.2200 

4.31 

.0600 

.0000 

44* 

43* 

4..        .        .        . 

1.50 

1.76 

- 

- 

- 

- 

- 

- 

- 

- 

45" 

43' 

» 

1.50 

1.43 

*    - 

- 

- 

- 

- 

- 

- 

44' 

44* 

6..        .        .        . 

1.50 

1.52 

1.70 

24.10 

2.1500 

.0300 

2.1800 

4.61 

.1200 

.0002 

46- 

44* 

7 

1.50 

1.57 

- 

- 

- 

- 

- 

- 

- 

- 

45" 

43* 

8,.        .        .        . 

3.00 

8.26 

- 

- 

- 

- 

- 

- 

- 

- 

45* 

» 

- 

0.70 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

10 

1.50 

.«. 

2.10 

30.00 

2.2200 

.0350 

2.2650 

8.26 

.2300 

.0004 

45" 

44' 

11 

1.50 

1.64 

- 

- 

- 

- 

- 

- 

- 

- 

45* 

43' 

12 

1.50 

1.46 

- 

- 

- 

- 

- 

- 

- 

- 

44- 

40- 

13 

1.60 

1.34 

2.10 

28.90 

2.0000 

.0340 

2.0340 

6.00 

.2000 

.0002 

44- 

sjr 

U,  .        .        .        . 

1.50 

0.46! 

- 

- 

- 

- 

- 

- 

- 

46* 

35' 

15 

3.00 

4.48 

- 

- 

- 

- 

- 

- 

- 

45" 

40* 

1« 

- 

0.73  1 

- 

- 

- 

_ 

- 

- 

- 

- 

- 

- 

17,.        .        .        . 

1.50 

.62  1 

2.60 

25.80 

1.6600 

.0310 

1.6010 1 

4.80 

.2600 

.0008 

41' 

48" 

18..        .        .        . 

1.50 

.34  ' 

- 

- 

- 

- 

- 

- 

- 

- 

45* 

- 

19,. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

20 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

21 

- 

2.48  ' 

- 

- 

- 

- 

- 

- 

- 

- 

- 

37 

22..        .        .        . 

3.00 

2.12  1 

- 

- 

- 

- 

- 

- 

- 

45« 

- 

23 

- 

0.77 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

24 

1.30 

.65 

1.30 

26.70 

1.4300 

.0460 

1.4760 

3.27 

.4000 

.0008 

42- 

^ 

25 

1.50 

1.78 

- 

- 

- 

- 

- 

- 

- 

- 

45* 

- 

26 

1.50 

1.83 

- 

- 

- 

- 

- 

- 

- 

- 

45' 

47' 

27 

1.50 

1.46 

1.60 

25.10 

1.6800 

.0270 

1.6070 

3.31 

.4500 

.0004 

46* 

46' 

28..        .        .        . 

1.50 

1.48 

- 

- 

- 

- 

- 

- 

- 

- 

45- 

4<? 

29,.        .        .        . 

3.00 

8.15 

- 

- 

- 

- 

- 

- 

- 

- 

46' 

45* 

80 

- 

0.70 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

31 

1.50 

.67 

1.40 

29.20 

1.8900 

.0420 

1.4320 

3.86 

1.0200 

.0006 

46* 

4(r 

Effluent  very  nearly  clear  and  free  from  sediment  with  color  less  than  0.1. 

December  1.  — Outlet  opened  at  8.18  a.x.,  bnt  closed  from  11.10  to  11.48  to  replace  broken  tnp< 
December  14.  — Outlet  thawed  out  at  3.30  p.m.;  15,  at  8.20  A.x.;  outlet  closed  from  3.40  p.ji.,  Decem- 
ber 18  to  1.69  P.X.,  December  21.    River  high.    December  31.— Manganese  In  sample. 

Total  effluent  to  end  of  month,  477.03  gallons. 
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FiUer  Tank  No.  12  —  Continued. 

MmmamjTf,  188*. 


1   || 

P 

1 

NlTBOOEN  AH 
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°  ; 

K    ? 

«    311 

1 

i 
1 

1  1 

55 

1 

1 

i 

1 

1 

1,. 

1.60 

1.02 

- 

_ 

_ 

_ 

_ 

_ 

- 

45« 

46* 

2,. 

1.50 

1.47 

1    * 

- 

,      - 

- 

~ 

- 

- 

45- 

46* 

3,.        . 

1.50 

1.46 

0.90 

36.70 

1.4300 

.0320 

1.4620 

'5.60 

1.4500 

.0020 

45* 

46* 

*..        . 

1.60 

3.17    ,      - 

- 

1 

- 

1      - 

i 

- 

45' 

45- 

5,. 

3.00 

- 

1      _ 

- 

- 

- 

- 

46* 

43- 

6».        . 

- 

.65 

.62  i'  1.10 

- 

- 

- 

1      - 

- 

- 

- 

7,. 

1.60 

37.70 

1.2600 

.0260 

1.2760 

1  6.71 

1.9000 

.0020 

45- 

- 

8..        . 

1.60 

1.69    '      - 

1      - 

- 

- 

- 

1 

- 

45- 

46- 

9,. 

1.60 

1.64  ||      - 

- 

,      - 

- 

- 

- 

1 

- 

45« 

45- 

10,.        , 

1.50 

1.49  ||  0.60 

37.30 

,1.0800 

.0230 

1.1030 

4.96 

1.6500 

.0600 

45« 

47* 

11.. 

1.60 

1.48 

1      ] 

- 

1 

- 

- 

- 

1      - 

- 

45- 

47' 

12,.       . 

3.00 

3.23 

- 

- 

- 

- 

1      - 

- 

44* 

45» 

13,. 

- 

.68 

- 

1 

- 

- 

- 

- 

- 

- 

- 

w.. 

1.6d 

.47 

1  2.00 

38.10 

i    .640. 

.0320 

.6720 

4.54 

1 1.4000 

.0004 

44» 

45' 

15,. 

1.50 

1.60 

- 

- 

- 

- 

- 

1      - 

- 

46' 

44' 

w,. 

1.60 

1.49 

- 

- 

1      - 

1 

- 

- 

1 

1      - 

1 

- 

44* 

44* 

17,. 

1.60 

1.59 

1.80 

38.60 

.6600 

.0250 

.5760 

6.16 

1  1.4700 

.0400 

46" 

47* 

18.. 

1.60 

1.36 

- 

- 

- 

- 

- 

- 

1      - 

- 

45- 

48* 

w.. 

3.00 

3.23 

- 

- 

- 

- 

- 

- 

- 

- 

44* 

44* 

20,. 

- 

.64 

- 

- 

- 

- 

- 

;      - 

- 

- 

- 

- 

21.. 

1.60 

.46 

1.70 

84.00 

.3300 

.0180 

.3480 

6.18 

1.6600 

.0300 

44' 

43* 

22,. 

1.60 

1.04 

- 

- 

- 

- 

- 

- 

1      - 

- 

44* 

44- 

23,. 

1.60 

1.62 

- 

- 

- 

- 

- 

1 

- 

46« 

44" 

24.. 

1.60 

1.68 

'  2.00 

34.40 

.2560 

.0166 

.2726 

4.67 

2.0000 

.0300 

- 

44« 

25,. 

1.60 

1.48 

1      . 

- 

- 

- 

- 

- 

- 

- 

44* 

46» 

26,. 

3.00 

3.29 

- 

- 

- 

- 

- 

- 

- 

44" 

46* 

27,. 

- 

.64 

1      - 

- 

- 

- 

- 

- 

- 

- 

- 

- 

28.. 

1.60 

.46 

1  0.40 

83.00 

.1600 

.0060 

.1660 

4.17 

2.8000 

.0200 

W 

46- 

a>.. 

1.60 

1.65 

1 

- 

- 

- 

- 

- 

1 

46' 

44. 

30,. 

1.60 

1.38 

- 

- 

- 

- 

- 

1 

- 

46* 

48- 

81,. 

1.60 

1.65 

1.40 

30.90 

.0920 

.0110 

.1030 

4.18 

'1.8000 

1 

.0100 

44- 

- 

Effluent  very  nearly  clear  and  free  from  sediment  with  color  lera  than  0.1. 

Trap  broken  on  the  morning  of  January  6,  and  replaced  in  the  forenoon  of  January  7.    Outlet  open 
^  the  mean  time. 
Total  efflnent  to  end  of  month,  623.60  gallons. 
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Fitter  Tank  No.  12  —  Continued. 

Febnuurjr,  18S*. 
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10 
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1 
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- 
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1.50 
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1.80 

27.70 

.0270 
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.0390 
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1.7000 
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12 

1.50 
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13,.        .        .        . 

1.60 

1.50 

- 
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•    - 
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14 
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1.46 
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.0200 
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1.4000 

.0045 

45* 

44' 

16 

1.50 

1.62 
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- 

- 

- 

- 

|| 

46*  1  45- 

le 

3.00 

3.26 
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- 

- 

- 

- 

- 

1 

45'     45* 

17 

.65 

_^ 

- 

- 

- 

- 

- 

- 

1 

-        - 

18,.        .        .        . 

1.50 

.46 

0.70 

25.70 
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4.02 

1.0000 

.0050    ' 

35- 

42" 

19 

1.50 

1.69 

- 

- 

- 

- 

- 

- 

- 

-      I| 

34* 
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20,. 

1.60 

1.43 

- 

- 

- 

- 

- 

- 

- 

86- 

43* 

21 

1.60 

1.61, 

1.00 

27.20 

.0096 

.0184 

.0230 

4.17 

1.2000 

.0040    1 

84- 

43* 

22,.        ...        . 

1.60 

1.53 

- 

- 

- 

- 

- 

- 

- 

-   i 

36' 

44' 

23 

3.00 

3.20 

- 

- 

- 

- 

- 

- 

- 

86* 

43* 

24,. 

- 

.69 

- 

- 

- 

- 

- 

- 

- 

~ 

-        - 

25 

1.60 

.43 

1.40 

25.90 

.0078 

.0118 

.0196 

3.80 

1.4000 

.0080  1 

36*     89* 

26 

1.60 

1.78 

- 

- 

- 

- 

- 

- 

- 

- 

86'     42- 

27,.        .        .        . 

1.60 

1.46 

- 

- 

- 

- 

- 

- 

- 

- 

34*     4? 

28 

1.60 

1.62 

1.00 

27.10 

.0070 

.0124 

.0194 

4.22 

1.4000 

.0030 

88- 

45* 

Effluent  colorless,  clear  or  nearly  so,  and  with  very  little  or  no  sediment. 

February  6.— Trap  token  from  outlet  pipe.    February  18  and  after.— Sewage  applied  withont 
heating. 

Total  effluent  to  end  of  month,  665.86  gallons. 
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Fater  Tank  No.  12—  Continued. 
Mauvli,  lam. 


«  . 
or 

"Si 

h 

Kbsidue  Olf 

EVAPOKATION. 

Ajimokxa. 

B 

NiTBOOKV  A8 

TWIPBH- 
ATDBB. 

DATS. 

t 

1 

f 

1 

1 

S 

i 

1 

^ 

1 

1.50 

1.48 

„ 

« 

„ 

„ 

- 

. 

. 

- 

85- 

46» 

2,.       .       .        . 

S.OO 

8.20 

- 

- 

- 

- 

- 

- 

- 

88' 

- 

3..       ,       .        . 

- 

.62 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

4,.       .        . 

1.50 

.47 

0.70 

25.00 

.0072 

.0132 

.0204 

8.42 

1.4000 

.0036 

86* 

47* 

5..       .        .        . 

1.50 

1.61 

- 

- 

- 

- 

- 

- 

- 

- 

85' 

45* 

6..       .        .        . 

1.50 

1.58 

- 

- 

- 

- 

- 

- 

- 

- 

85' 

48* 

' 

1.50 

1.57 

1.00 

25.80 

.0052 

.0102 

.0154 

8.17 

1.1500 

.0040 

86» 

44* 

8..       .       .       . 

1.50 

1.44 

- 

- 

- 

- 

- 

- 

- 

- 

86" 

44* 

9,.       .        .        . 

3.00 

3.21 

- 

- 

- 

- 

- 

- 

- 

- 

84* 

41* 

10 

- 

.68 

- 

- 

- 

- 

- 

- 

- 

- 

- 

11..       .        .        . 

1.50 

.44 

1.40 

24  90 

.0038 

.0102 

.0140 

3.20 

1.20OO 

.0030 

86* 

48- 

12 

1.50 

1.73 

- 

- 

- 

- 

- 

- 

- 

- 

34* 

48* 

13,.       .        .        . 

1.50 

a.52 

- 

- 

- 

- 

- 

- 

- 

- 

86- 

43* 

14,.       .        .        . 

1.50 

1.51 

0.80 

26.00 

.0042 

.0112 

.0154 

3.40 

1.3000 

.0030 

87* 

46* 

15,.       .        .        . 

1.60 

1.48 

- 

- 

- 

- 

- 

- 

- 

- 

86' 

44* 

18,.       .       .        . 

a.oo 

8.22 

- 

- 

- 

- 

- 

- 

- 

- 

zr 

46* 

17 

- 

.52 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

18 

1.60 

.44 

0.80 

28.80 

.0044 

.0104 

.0148 

3.66 

1.6000 

.0085 

87' 

43* 

19,.       .        .        . 

1.60 

1.78 

- 

- 

- 

- 

- 

- 

- 

- 

38' 

44* 

20 

1.60 

1.40 

- 

•- 

- 

- 

- 

- 

- 

" 

30' 

48* 

21 

1.60 

1.50 

1.80 

28.80 

.0022 

.0108 

.0180 

8.00 

1.5000 

.0040 

88' 

4f 

22 

1.50 

1.57 

- 

- 

- 

- 

- 

- 

- 

- 

38* 

46» 

23 

8.00 

3.08 

- 

- 

- 

- 

- 

- 

- 

- 

40* 

4r 

24,.       .        .        . 

- 

.74 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

25..       .        .        . 

1.60 

.42 

1.40 

28.80 

.0036 

.0120 

.0156 

3.61 

1.6000 

.0040 

41' 

AT 

28..       .        .        . 

1.50 

1.66 

- 

- 

- 

- 

- 

- 

- 

- 

41- 

4r 

27 

1.50     1.58 

- 

- 

- 

- 

- 

- 

- 

" 

40' 

46* 

28,.       .       .        . 

1.50     1.42 

0.70 

27.10 

.0022 

.0008 

.0120 

4.00 

1.6000 

.0030 

41- 

46* 

29..       .       .        . 

1.60 

1.62 

- 

- 

- 

- 

- 

- 

- 

- 

42* 

48* 

...... 

3.00 

8.16 

- 

- 

- 

• 

- 

- 

- 

- 

41- 

48* 

81 

- 

.65 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Effluent  generatly  clear  and  colorless,  with  very  little  or  no  sediment. 
Total  effluent  to  end  of  month,  613.06  gallops. 


Digitized  by 


Google 


176 


FILTRATION  OF  SEWAGE. 


FUter  Tank  No.  i2— Continued. 

April,  1889. 


1.. 

3,. 

8.. 

4.. 

6.. 

«,. 

7.. 

8.. 

».. 
10.. 
11.. 
12,. 
18,. 
14,. 
16.. 

le.. 

17,. 

18.. 
M.. 
20.. 
21.*. 
22,  . 
23.. 
24,. 
25,. 
26,. 
27.. 
28,. 
20,. 
W,. 


1.50 
1.50 
1.50 
1.50 
1.50 
3.00 


1.50 
1.50 
1.50 
1.60 
1.60 
3.00 


.45 

1.76 

1.46 

1.47 

1.64 

3.22 

.65 

.47 

1.71 

1.42 

1.55 

1.57 

3.07 

.62 

.44 

1.60 

1.38 

1.64 

1.60 

1.46 

1.29 

.64 

1.61 

1.51 

1.60 

1.47 

1.63 

.80 

.60 

1.57 


Residuk  om 
Evaporation. 


P 


1.20 


0.50 


1.60 


1.10 


33.00 


31.60 


32.40 


30.60 


Ammonia. 


.0040 


.0042 


.OOM 


.0088 


gl 


.0006 


.0118 


.0090 


.0102 


.0136 


.0160 


.0134 


.0140 


5.87 


4.30 


6.27 


4.01 


NITSOGKH  AS 


2.0000 


2.4000 


1.8000 


1.8000 


3 


.0060 


.0035 


.0040 


43" 
45* 

.0040  ,    46° 


4T     «• 
47*  I  54* 


1.60 
1.60 
1.60 
1.50 
1.60 
1.50 


1.10 


83.50 


.0056 


.Ol'tA 


4.44 


2.6000 


.0070 


1.60 


82.00 


.0028 


.0118 


.0140 


4.04 


2.2000 


.0040 


1.60 
1.60 
1.60 
1.60 
1.60 
1.60 


0.50 


25.60 


.0030 


.0098 


.0128 


2.16 


2.20 


21.80 


.0024 


.0090 


.0114 


1.02 


2.0000 


.0030 


.0020 


1.50 
1.60 


1.20 


21.00 


.0080 


.0096 


0.70 


1.8000 


.0040 


Effloent  oolorlesB.  and  generally  clear  and  with  very  slight  or  no  sediment. 

Beginning  April  16,  city  water  and  insolable  egg  albamen  applied  instead  of  sewage.    The  mlxtan 
contained  2.8  parts  per  100,000  nitrogen  equivalent  to  1.7  parts  albuminoid  ammonia. 
Total  efflnent  to  end  of  month,  654.74  gallons. 
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Filter  Tank  No.  12  —  Continued. 


May,  Ifi 

»». 

1 

li 

3§ 

RxaiDUB  ON 
EVAPORATIOir. 

Ammonia. 

1 

NiTSOGKN  AS 

TKMPKa- 
ATL'RK. 

Datk. 

i 

1 

1 

< 

1 

09 

1 

1 

1 

1 

1, .       . 

1.50 

1.46 

" 

. 

_ 

_ 

_ 

» 

_ 

„ 

61' 

63* 

2,.       .        .        . 

1.60 

1.40 

1.70 

19.80 

.0010 

.0068 

.0068 

.63 

1.7000 

.0016 

62* 

66* 

3..       .        .        . 

1.60 

1.42 

- 

- 

- 

- 

- 

- 

- 

- 

60- 

- 

4,.       .        .        . 

1.50 

1.60 

- 

- 

- 

- 

- 

- 

- 

- 

62- 

66- 

5..       .        .■     . 

- 

.78 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

8..       .        .       . 

1^50 

.74 

- 

'     - 

.0060 

.0068 

.0108 

.40 

1.7000 

.0030 

56- 

68' 

7 

1.80 

1.61 

- 

- 

- 

- 

- 

- 

- 

6r 

58' 

8..       .       .        . 

1.50 

1.64 

- 

- 

- 

- 

- 

- 

- 

- 

62* 

60- 

9 

1.60 

1.60 

1.00 

18.00 

.0012 

.0064 

.0076 

.61 

1.8000 

.0020 

64' 

63- 

10 

1.50 

1.61 

- 

- 

- 

- 

- 

- 

- 

- 

67' 

65- 

n 

1.50 

1.04 

- 

- 

- 

- 

- 

- 

- 

- 

64- 

64* 

12,.       .        .        . 

- 

1.10 

- 

- 

- 

- 

- 

- 

- 

- 

- 

13,.       .        .        . 

1.50 

.68 

.60 

18.80 

.0200 

.0060 

.0260 

.62 

1.8000 

.0020 

86' 

62* 

14 

1.50 

1.54 

- 

- 

- 

- 

- 

- 

- 

- 

66- 

61' 

15,.       .       .        . 

1.60 

1.64 

- 

- 

- 

- 

- 

- 

- 

es" 

63- 

16,.       .        .        . 

1.60 

1.60 

- 

- 

.0160 

.0040 

.0200 

.67 

1.8000 

.0012 

68' 

63* 

17,.       . 

1.60 

1.62 

- 

- 

- 

- 

- 

- 

- 

- 

59* 

66* 

IS 

1.50 

1.64 

- 

- 

- 

- 

- 

- 

- 

- 

68- 

70* 

15 

- 

.70 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

20..      -.        .        . 

1.60 

.61 

1.60 

17.60 

.0024 

.0070 

.0094 

.47 

1.7000 

.0014 

68» 

66* 

21 

1.60 

1.63 

- 

- 

- 

- 

- 

- 

- 

- 

60- 

6o' 

23..       .        .        . 

1.60 

1.51 

- 

- 

- 

- 

- 

- 

- 

- 

62« 

66" 

23 

1.60 

1.44 

- 

- 

- 

- 

- 

- 

- 

- 

W 

63* 

24 

1.60 

1.48 

- 

- 

- 

- 

- 

- 

- 

- 

60» 

63- 

25,.       .        .        . 

1.60 

1.67 

- 

- 

- 

- 

- 

- 

- 

- 

60- 

W 

26..       .        .        . 

- 

.66 

- 

- 

- 

- 

- 

- 

- 

- 

- 

_ 

27 

1.60 

.66 

- 

- 

.0012 

.0090 

.0102 

.42 

1.6000 

.0007 

57* 

64- 

28..       .        .       . 

1.60 

1.66 

- 

- 

- 

- 

- 

- 

- 

- 

61' 

63' 

2»,.       .        .        . 

1.60 

1.47 

- 

- 

- 

- 

- 

- 

- 

- 

59- 

61- 

30 

1.60 

1.46 

- 

- 

.0020 

.0076 

.0096- 

.37 

1.8000 

.0006 

69* 

60« 

31..       .       .        . 

1.60 

1.50 

- 

- 

- 

- 

- 

- 

- 

- 

62- 

66* 

Efflaent  generally  clear  and  colorleaa  and  with  very  slight  or  no  sediment. 

The  mlztare  applied  contained  2.8  parts  per  100.000  nitrogen,  equivalent  to  1.7  parts  albamlnoid 
MBmonla. 
Total  efflaent  to  end  of  month,  606. 16  gallons. 
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Fitter  Tank  No.  12  —  C!ontinned. 
«■■«.  ism. 


i. 

6*3 

^1 

1  Residdbox 
Evaporation. 

Ammonia. 

i 

NiTSOOBV  AS 

ATUU. 

Datb. 

i 

1 

1 

< 

1 

1 

S 

1 

i 

S 

1 

l.W 

1.46 

- 

- 

. 

. 

« 

• 

• 

. 

61- 

«• 

2 

- 

.70 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

8,.        .        .        . 

1.50 

.77 

- 

- 

- 

- 

- 

- 

- 

- 

W 

67 

4,.        .        .        . 

1.50 

1.60 

- 

- 

- 

- 

- 

- 

• 

- 

w 

W 

6 

1.50 

1.48 

- 

- 

- 

- 

- 

- 

- 

- 

tar 

65* 

«..        .        .        . 

1.60 

1.48 

1.60 

16.80 

.0026 

^0126 

.0152 

.42 

1.6000 

.0005 

61' 

«r 

v.     .     .     . 

1.50 

1.58 

- 

- 

- 

- 

- 

- 

- 

- 

er 

65' 

8 

1.60 

1.48 

- 

- 

- 

- 

- 

- 

- 

- 

60* 

«• 

9 

« 

.72 

- 

- 

- 

- 

- 

- 

- 

- 

- 

10 

1.50 

.80 

8.20 

15.60 

.0016 

.0056 

.0072 

.42 

1.7000 

.0003 

65' '  -y 

U 

- 

.74 

- 

- 

- 

- 

- 

- 

- 

- 

- 

"!• 

12 

1.50 

.81 

- 

- 

- 

- 

- 

- 

- 

- 

64' 

69* 

13 

1.60 

1.68 

- 

- 

- 

- 

- 

- 

- 

- 

71- 

:r 

14..        .        .        . 

1.50 

1.54 

- 

- 

- 

- 

- 

- 

- 

- 

66-     74* 

15 

1.50 

1.46 

- 

- 

- 

- 

- 

- 

- 

- 

64'     74* 

16 

- 

.60 

- 

- 

- 

- 

- 

- 

- 

- 

- 

17 

1.50 

.76 

- 

- 

- 

- 

- 

- 

- 

- 

80" 

71' 

18,.        .        .        . 

1.50 

1.41 

- 

- 

- 

- 

- 

- 

- 

- 

63" 

65* 

w 

1.60 

1.48 

- 

- 

- 

- 

- 

- 

68- 

64* 

20 

2.70 

8.22 

2.60 

14.40 

.0002 

.0064 

.0066 

.42 

1.7000 

.0002 

65-  ■  IV 

21 

1.50 

1.12 

- 

- 

- 

- 

- 

- 

- 

- 

6r  '  Ti- 

22  

1.50 

1.44 

- 

- 

- 

- 

- 

- 

- 

- 

es'    TS* 

23,. 

- 

.68 

- 

- 

- 

- 

- 

- 

- 

- 

-    '    - 

24..        .        .        . 

1.50 

.74 

1.20 

27.00 

.0032 

.0072 

.0104 

6.44 

2.8000 

.0004  1 

85' 

er 

26 

1.50 

1.53 

- 

- 

- 

- 

- 

- 

- 

» 

ec    cs* 

26 

1.50 

1.61 

- 

- 

- 

- 

- 

- 

- 

- 

6r    csr 

27,.        .        .        . 

1.50 

1.61 

8.20 

44.20 

.0086 

.0064 

.0100 

8.86 

3.1000 

.0009 

IV  '  T-r 

28..        .        .        . 

1.50 

1.61 

- 

- 

- 

- 

- 

- 

- 

-      - 

eO*     75' 

2» 

1.50 

1.68 

- 

- 

- 

- 

- 

- 

- 

- 

70* 

"ifr 

50 

- 

.67 

•  - 

- 

- 

- 

- 

- 

- 

- 

- 

Efflnent  clear  and  colorless  and  generally  free  from  sediment.  * 

The  mixture  applied  contained  2.8  parts  nitrogen,  equivalent  to  1.7  parts  albuminoid  ammonia. 
June  20. — By  mistake  1.2  gallons  of  the  solution.  Intended  for  Tank  No.  13.  was  applied  to  this 
tank. 

Total  effluent  to  end  of  month,  732.98  gallons. 
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FOkr  Tank  No.  12  —  C!oiitinued. 


!, 

KbSIOITB  0!f 
EVAPOKATION. 

Ammokia. 

j 

NITBOOSV  AB 

Tkmpbb- 

▲TURB. 

Datb. 

§1 

1- 

1 

1 

|l 

1 

j 

1 

1 

1 

1 

1.60 

.78 

1.60 

87.20 

.0026 

.0064 

.0090 

4.27 

8.1000 

.0003 

71* 

76* 

2,.       .        .        . 

l.fiO 

1.46 

- 

- 

- 

- 

- 

- 

- 

- 

69* 

7r 

8,.       .        .        . 

1.50 

1.50 

- 

- 

- 

- 

- 

1      ' 

- 

- 

70- 

78- 

4 

1.60 

1.56 

- 

- 

- 

- 

- 

- 

- 

72* 

- 

5..       .        .        . 

1.60 

1.48 

2.60 

23.70 

.0020 

.0076 

.0096 

1.82 

2.7000 

.0002 

71- 

72* 

6..       .        .        . 

1.50 

1.48 

- 

- 

- 

- 

- 

i      - 

- 

- 

71* 

74* 

T 

- 

.00 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

8..       .        .        . 

1.60 

.82 

1.60 

22.00 

.0022 

.0074 

.0096 

11.85 

2.6000 

.0000 

72* 

72- 

» 

1.60 

1.43 

- 

- 

- 

- 

- 

- 

- 

- 

70* 

69* 

w 

3.00 

8.23 

- 

- 

- 

- 

- 

I 

- 

- 

68* 

68- 

11 

3.00 

2.02 

- 

- 

- 

- 

- 

i      - 

- 

6r 

6r 

12 

8.00 

8.06 

- 

- 

- 

- 

- 

- 

- 

- 

71- 

70- 

13..       .        .        . 

8.00 

8.03 

- 

- 

- 

- 

- 

1      " 

- 

- 

TS- 

78^ 

14..       .        .        . 

- 

.50 

- 

- 

- 

- 

- 

- 

- 

- 

- 

15 

3.00 

2.40 

1.80 

15.60 

.0014 

.0070 

v0084 

.78 

1.9000 

.0000 

66' 

66* 

18,.       .        .        . 

3.00 

8.03 

1.40 

15.60 

.0010 

.0110 

.0120 

.72 

1.7000 

.0000 

67' 

66» 

17 

3.00 

2.97 

- 

- 

- 

- 

- 

- 

- 

- 

69' 

6r 

18*.       .        .        . 

3.00 

8.00 

1.80 

14.60 

.0010 

.0082 

.0002 

.62 

1.6000 

.0000 

70* 

70* 

M 

8.00 

2.M 

- 

- 

- 

- 

- 

- 

- 

- 

70" 

71* 

» 

3.00 

8.04 

- 

- 

- 

- 

- 

- 

- 

- 

1   •^ 

69* 

21,.       . 

- 

.50 

- 

- 

- 

- 

- 

- 

- 

- 

- 

22..       .        .        . 

8.00 

2.48 

2.20 

13.40 

.0014 

.0082 

.0096 

.67 

1.8000 

.0000 

70- 

71* 

25,.       ,       .        . 

8.00 

2.07 

- 

- 

- 

- 

- 

- 

- 

- 

1*^ 

70- 

24 

3.00 

2.06 

- 

- 

- 

- 

- 

- 

- 

- 

1*^ 

70* 

25..       .        .        . 

8.00 

2.06 

- 

- 

- 

- 

- 

- 

- 

- 

70- 

69* 

2e..     .      .      . 

8.00 

2.08 

1.40 

12.60 

.0004 

.0064 

.0058 

.64 

1.2000 

.0000 

70- 

71* 

27..       .       . 

3.00 

2.87 

- 

- 

- 

- 

- 

- 

- 

- 

69* 

68- 

28 

- 

.56 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

29..       .       .        . 

3.00 

2.61 

- 

- 

- 

- 

- 

- 

- 

- 

72- 

75* 

30 

3.00 

2.07 

- 

- 

- 

- 

- 

- 

- 

- 

72- 

75- 

81,.       .        . 

3.00 

2.09 

- 

- 

- 

- 

- 

- 

- 

- 

70- 

74* 

Sfflaeni  oolorleu  mod  generally  clear  and  free  from  iiedlmeni. 

July  1  to  9.— The  mlztnre  of  egg  albumen  applied  contidned  2.8  parte  x>er  100,000  nitrogen,  eqaivaleni 
to  1.7  parts  albuminoid  ammonia.  July  10  to  31.— Pulverized  baked  blood  albumen  in  city  water  was 
■PpHed,  and  the  mixture  contained  1.4  parte  nitrogen,  eqniyalent  to  0.86  parte  albuminoid  ammonia. 

Total  effluent  to  end  of  month,  801.07  gallona. 
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FILTRATION  OF  SEWAGE. 


Filter  Tank  No.  12  —  Continued. 

AuKlut,  1S89. 


rk8iduk  on 
Evaporation. 

Akmoxia. 

1 

NITBOOSN  A8 

Tkxpkb- 

ATUS&. 

Date. 

§1 
1 

1 

1 

1^ 

1 

S 

i 
1 

i 

s 

3 

1,. 

8.00 

2.98 

3.40 

12.80 

.0004 

.0066 

.0070 

.50 

1.3000 

.0000 

n- 

_ 

2.. 

8.00 

3.02 

- 

- 

- 

- 

- 

- 

- 

- 

70- 

75' 

3,. 

3.00 

2.92 

- 

- 

- 

- 

- 

- 

- 

- 

70-  1  74' 

4,. 

- 

.50 

- 

- 

- 

- 

- 

- 

- 

- 

6,. 

8.00 

2.42 

- 

- 

- 

- 

- 

- 

- 

- 

'  69' 

W 

«.  . 

3.00 

8.00 

- 

- 

- 

- 

- 

- 

- 

- 

'   70*  1  70* 

7.. 

8.00 

3.10 

- 

- 

- 

- 

- 

- 

- 

- 

70" 

7(r 

8.. 

3.00 

2.66 

3.00 

10.70 

.0026 

.0770 

.0796 

.94 

1.3000 

.0005 

69" 

TO* 

«.. 

8.00 

2.95 

- 

- 

- 

- 

- 

- 

- 

- 

69* 

71' 

10,. 

8.00 

2.96 

- 

- 

- 

- 

- 

- 

- 

- 

70- 

72* 

11.. 

- 

.47 

- 

- 

- 

- 

- 

- 

- 

« 

1    - 

- 

12,  . 

3.00 

2.38 

- 

- 

- 

- 

- 

- 

- 

- 

68- 

67 

13,. 

3.00 

2.98 

- 

- 

- 

- 

. 

- 

- 

- 

69'    or 

14.  . 

3.00 

2.92 

- 

- 

- 

- 

- 

_- 

- 

- 

!««•,«• 

16,. 

3.00 

2.96 

- 

- 

- 

- 

- 

- 

- 

- 

|66-|65- 

W.. 

3.00 

2.96 

- 

- 

- 

~ 

- 

- 

- 

- 

68-     68* 

17,. 

3.00 

3.00 

- 

- 

- 

- 

- 

- 

- 

68* 

68' 

18.. 

- 

.49 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

19,. 

3.00 

2.46 

- 

- 

.0018 

.0062 

.0070 

3.47 

1.8000 

.0005 

68',  eo* 

20.. 

3.00 

3.00 

- 

- 

- 

- 

- 

- 

- 

- 

69'  ,  68- 

21,. 

3.00 

2.93 

- 

- 

- 

- 

- 

- 

- 

- 

68-     CS* 

22,. 

8.00 

3.00 

- 

- 

- 

- 

- 

- 

- 

- 

70'     7? 

23,. 

8.00 

2.99 

- 

- 

.0008 

.0054 

.0062 

2.27 

1.4000 

.0000 

09-     68* 

24,. 

8.00 

2.89 

- 

- 

- 

- 

- 

- 

- 

- 

67'    es* 

26,. 

- 

.49 

- 

- 

-. 

- 

- 

- 

- 

- 

-     - 

26,. 

3.00 

2.46 

- 

- 

.0004 

.0050 

.0054 

1.66 

1.2500 

.0000 

68-     68- 

27,. 

3.00 

2.96 

- 

- 

- 

- 

- 

- 

- 

- 

68-    6r 

28,. 

3.00 

2.83 

- 

- 

- 

- 

- 

- 

- 

- 

68-    fle- 

29.. 

3.00 

2.94 

- 

- 

- 

- 

- 

- 

- 

- 

er 

66* 

80.. 

3.00 

2.96 

- 

- 

- 

- 

- 

- 

- 

69" 

69* 

81..        . 

3.00 

2.90 

- 

- 

- 

- 

- 

- 

- 

- 

69' 

71* 

Effluent  clear  and  colorless  and  free  from  sediment. 

August  1  to  18.  — The  mixture  applied  contained  1.4  parts  nitrogen,  equivalent  to  0.85  parts  albu- 
minoid ammonia.  August  7.  —  A  culture  of  Bacillus  prodigiosus  applied.  August  19  to  31.— City  water 
alone  applied. 

Total  cfQoent  to  end  of  month,  880.40  gallons. 
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Fitter  TatUe  No.  12  —  Continued. 

■«p*entker,  ISS9. 


Ii 

Rksidub  oh 
Evaporation. 

Amsconu 

• 

j 

NXTBOOKH  A8 

Tkmpes- 

ATUBK. 

Date. 

i 

.     1 

1 

1 

5? 

s 

1 

1 

1 

« 

.68 

_ 

_ 

« 

_ 

« 

» 

. 

. 

_ 

. 

2..       . 

8.00 

2.70 

1.00 

9.60 

.0006 

.0058 

.0064 

.68 

.9000 

.0001 

67- 

60* 

3..        . 

8.00 

2.96 

- 

- 

- 

- 

- 

- 

- 

- 

69- 

69' 

4,. 

8.00 

2.01 

- 

- 

- 

- 

- 

- 

- 

- 

69- 

70* 

5,. 

8.00 

2.93 

- 

- 

.0002 

.0080 

.0082 

.82 

.6000 

.0007 

69- 

69* 

8.. 

8.00 

2.06 

- 

- 

- 

- 

- 

- 

- 

- 

70* 

72* 

7.. 

3.00 

2.80 

- 

- 

- 

- 

- 

- 

- 

68* 

70* 

8,. 

- 

.40 

- 

- 

- 

- 

- 

- 

- 

- 

- 

A.. 

8.00 

2.41  ' 

- 

- 

.0012 

.0068 

.0070 

.28 

.6000 

.0002 

67* 

60- 

10,. 

8.00 

2.96' 

1 

- 

- 

' 

- 

- 

- 

- 

- 

68* 

6r 

11,. 

8.00 

2.93! 

- 

- 

- 

- 

- 

- 

- 

66* 

65* 

12.. 

8.00 

2.94 

- 

- 

- 

- 

- 

- 

- 

- 

67* 

66» 

13.. 

8.00 

2.96 

- 

- 

- 

- 

- 

- 

- 

- 

67* 

65» 

u.. 

3.00 

2.97 

- 

- 

- 

- 

- 

1      - 

- 

- 

67* 

66* 

15.. 

- 

.49 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

16.. 

8.00 

2.61 

1.80 

9.00 

.0012 

.0072 

.0084 

.44 

.4000 

.0000 

70- 

71* 

17.. 

3.00 

2.96 

- 

- 

- 

- 

- 

1 

- 

- 

69- 

ir 

18.. 

3.00 

2.80 

- 

- 

- 

- 

- 

1 

- 

- 

63- 

oo* 

w.. 

8.00 

2.89 

- 

- 

- 

- 

- 

- 

- 

64' 

62* 

20.. 

8.00 

3.21 

- 

- 

- 

- 

- 

_ 

- 

- 

65- 

62- 

21.. 

3.00 

2.81 

- 

- 

- 

- 

- 

- 

66- 

62» 

22.. 

- 

.63 

- 

- 

- 

- 

- 

- 

- 

_ 

- 

28,. 

8.00 

».4S' 

- 

- 

.0260 

.0200 

.0460 

6.61 

.6000 

.0000 

62- 

59* 

24,. 

3.00 

2.95 

- 

- 

- 

- 

- 

- 

- 

- 

tr  \   61* 

2.%. 

3.00 

2.»»' 

- 

- 

- 

- 

- 

- 

- 

- 

64"  j  er 

28.. 

3.00 

».«| 

- 

- 

.0010 

.0100 

.0110 

2.00 

1.0600 

.0000 

64«  ;   64* 

27,. 

8.00 

1.90 

- 

- 

- 

- 

- 

- 

- 

- 

63-  1    61- 

28,. 

8.00 

2.ai 

- 

- 

.0056 

.0068 

.0124 

1.00 

.6600 

.0001 

61'  1   58* 

29,. 

- 

.60 

- 

- 

- 

- 

- 

- 

- 

- 

-    !    - 

».. 

8.00 

2.4S 

1 

1 

- 

- 

- 

- 

- 

- 

62- 

60* 

Efflnent  dear  and  colorless  and  free  from  sediment. 

City  water  alone  applied.    September  2.— A  culture  of  Bacillus  prodlglosus  applied.    September 
20.— A.  sterilized  solution  of  peptone  applied. 
Total  eiSoent  to  end  of  month.  964.22  gallons. 
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FILTRATION  OF  SEWAGE. 
Filter  Tank  No.  12  —  Continaed. 


1.. 

2,. 

8,. 

4.. 

6.. 

«». 

T,. 

8». 

9,. 
10,. 
11,. 

la. . 

13,. 
14.. 
15,. 
16,. 
17,. 
18,. 
».. 
90,. 
21,. 
22,. 


8.00 
8.00 


8.00 
8.00 
S.OO 


S5 


8.00 
2.02 


2.86 

8.08 

2.00 

.66 


RE8IDDK  ON 
EVAPOBATIOK. 


r 


t 


Ammokia. 


.0028 


.0100 
.0178 


.0128 
.0906 


1.27 
6.80 


KlTBOOBK  AS 


I 


.3800 
.6000 


3 


.0000 
.0002 


TsMpn- 

ATCBL 


or    ep 


62* 

ssr 
sr 

5r 


8.00 


2.41 


8.00 


2.00 


8.00 


2.03 


3.00 


2.00 


3.00 
8.00 


2.06 

2.03 

.48 


.0008 


.0078 


.0086 


.07 


.4600 


6S* 

sr 

sr 
w 


8.00 


2.86 


8.00 


8.03 


8.00 
8.00 


2.01 
2.06 


8.00 
8.00 


2.06 

2.04 

.68 


.0000 


.0062 


.0062 


.40 


.2200 


4sr 
sr 
sr 
sr 

sr 


94.. 
25,. 
96,. 
27,. 
98,. 
90,. 
80,. 
81,. 


8.00 


2.29 


8.00 


2.95 


8.00 
3.00 
3.00 
8.00 


2.06 
2.98 
2.96 
2.92 
.62 


68.00 


.28 


.0600 


.0000 


64* 


6r 


8.00 


2.40 


8.00 


2.92 


8.00 
8.00 


2.04 
2.97 


7.60 


.0040 


.0200 


er   51' 


Bfflaent  eolorlesf ,  free  from  Mdlment  and  generally  clear. 

October  1  to  22. —City  water  aloDe  applied.    October  S.«- A  culture  of  Baclllue  prodJgiosue  appUtd. 
October  23  to  31.  — 100  parts  per  100,000  of  granulated  sugar  in  city  water  applied. 
ToUl  effluent  to  end  of  month,  1,088.46  gallons. 
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Il 

p 

Rbsiddb  on 

EVAPOSATIOM. 

AlUCOKIA. 

j 

NlTBOOSV  A8 

TXMPBB- 

ATUR£. 

Datb. 

§1 

1 

1 

|l 

1 

1 

1 

1 

I 

s 

1..       .        .       . 
2..       .        .       . 
S..       .        .       . 
4,.       .        .       . 
ft..       .       .       . 
6,.       .       .        . 

7 

8,.       .       .       . 
...... 

M 

11 

12..       .       .       . 
18,.       .       .       . 
14 

u..      .      .      . 

16,.       .       .       . 

n,.     .     .     . 

18,.       .       .       . 

M 

» 

21,.       .       .       . 

fi..       .       .       . 

...... 

M..       .       .       . 

...... 

n 

...... 

...... 

80,.      .      .       . 

8.00 
S.OO 

8.00 
8.00 
3.00 
8.00 
8.00 
8.00 

8.00 
8.00 
3.00 
8.00 
8.00 
8.00 

8.00 
3.00 
8.00 
8.00 
8.00 
8.00 

8.00 
8.00 
8.00 
3.00 
8.00 
8.00 

2.04 
2.97 

.51 
2.80 
2.9S 
2.d3 
8.01 
2.07 
2.98 

.60 
2.89 
8.08 
2.9« 
2.98 
2.84 
2.90 

.62 
2.48 
8.01 
8.11 
2.09 
3.23 
2.92 

.62 
2.36 
2.97 
2.99 
8.16 
2.98 
2.92 

87.60 
66.60 
66.20 
70.80 
71.20 

28.00 

1 
6.80 

18.60 

6.20 

7.80 

.0026 
.0200 
.0024 
.0010 

- 

.22 
.24 
.23 
.26 
.82 

.1800 
.0200 
.0600 
.0000 
.0000 

.0000 
.0000 

.0000 

1 

.0000 
.0000 

62* 
68* 

63* 
61- 

br 

60- 
68- 
63* 

68* 
64* 
68* 
66* 
61' 
49* 

60* 
60* 
61- 

6r 

60* 
W 

60- 
48* 

45- 
49* 
47* 
46* 

62- 
68* 

68- 

48" 
48" 
49* 
6S» 

62* 

52* 
63- 
64* 

6r 

61- 
48- 

AT 
49- 

6r 

52* 
60- 

6r 

60" 

4r 

46* 

4r 

40* 
46* 

Efflnenfc  eolorlesa,  elear  or  nearly  ao,  and  free  from  ledlment. 

One  hundred  parU  per  100,000  of  granulated  eugar  in  city  water  applied. 

Total  efflnent  to  end  of  month,  1,110.78  gallons. 
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FILTRATION  OF  SEWAGE. 


FiUer  Tank  No.  12  —  Continaed. 

I>e««iiiker,  1S8>. 
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1 
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_ 
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- 

- 

- 
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- 

- 
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- 

- 
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- 
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- 

- 

- 
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- 
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- 

- 
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- 

- 

- 

- 

- 

- 

- 

- 

41*     4r 

T 
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T4.W 
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.0020 

- 

- 

.ST 

.0000 
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- 

.*2 

' 

- 

- 

- 

- 

- 

- 

- 

- 

- 

9 

3.00 

2*37 

- 

- 

* 

- 

- 

- 

- 

~ 
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¥t 

10 
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- 

- 

- 

- 

- 

- 

- 

- 
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3*00 
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- 

- 

- 

- 

- 

- 

- 

- 
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a.oo 
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' 
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- 

- 

- 

- 

" 

- 
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W,-       .       ,       . 

3.00 

3,10 

- 

-      J 

- 

- 

- 

- 

- 

- 

1    '    I-' 

M».      -      .      . 

B.OO 

£,S0 

4.40 

13.30 

.0014 

.0338 

,08KI 

4.05 

.2900 

.DUO 

sr   4^ 

IS,.       .       .       , 

- 

.70 

- 

- 

- 

- 

- 

- 

- 

- 

1  '     " 

la,,      .      .      . 

3.00 

3.32 

- 

- 

- 

- 

- 

- 

- 

- 

4^4^- 

IT,,       .       .       . 

S.0O 

3.0T 

- 
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- 

- 

- 

- 

- 

- 

1    -      U 

la 

s.oo 

3.10 

- 

- 

- 

- 

- 

- 

- 

- 

^      4P 
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a.oo 
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- 

- 

- 

- 

- 

- 

- 

- 

l**'l^ 

M 
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- 

- 

- 

- 

- 

- 

- 

- 

«.!ir 

gi,,     .     .     . 
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3.04 

- 

- 

.0032 
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.0302 
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.8600 

.0001 

4S*     4** 

n 

- 

.W 

- 

- 

* 

- 

- 

' 
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- 

1 

n,.     .     .     . 

3.00 

S,4fi 

- 

- 

- 
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- 

- 

- 

- 
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3.00 

3,08 
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- 
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'  4rl4f 
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3.00 
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- 
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27 
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2.93 

,  a.QO 
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.0004 
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.8000 

.OOOQ 
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- 

. 

- 

- 
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- 

- 

- 
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3.00 

1 

- 

^ 

- 

- 

'  1 

i 

- 

- 

-      41' 

Efflaent  colorless,  generally  clear  or  nearly  so,  and  free  from  sediment. 

December  1  to  8.  —One  hundred  parts  per  100,000 of  granulated  sugar  In  city  water  applied.    Decem- 
ber 0  to  31.  —  Sewage  applied.    December  12  and  16.  —  A  culture  of  Bacillus  prodlgioflua  put  on. 
Total  effluent  to  end  of  month,  1,188.03  gallons. 
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Filter  Tank  No.  22  —  Continued. 

tmimnry,  1S9*. 
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3.00 

8.16 

- 

- 

- 

- 

- 

- 

" 

- 
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2.95 

- 
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- 
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- 

- 

_ 

- 

46- 
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4,. 

8.0O 
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EfDnent  clear  and  eolorleas  and  free  from  sodtment. 

January  1  to  12. — Ten  parts  per  100,000  of  granulated  sugar  added  to  sewage  applied.    January  13 
to  31.— Twenty  parts. 
Total  effloent  to  end  of  month,  1,270.84  gallons. 
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Filter  Tank  No.  22  —  CkmtinttecL 

reknuwy,  ISM. 
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Filter  Tank  No.  12— Concluded. 

k,  IS**. 
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2.09 

.66 
2.42 

- 

.    1 

.0061 
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40* 
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41* 
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41* 
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42* 
40* 

41* 
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a»" 
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40* 

43* 
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45* 
43* 

42* 
44* 
40* 
42* 
44- 
44* 

43* 

41* 
46* 
45- 
41* 
41* 

46* 

KiBneot  colorleu,  free  from  sediment  and  generally  dear. 

ICarch  1  to  4. —Twenty  parU  per  100,000  of  grannlater]  engar  added  to  sewage  applied.  March  5  to 
21. 'Twenty  parte  per  100.000  of  engar  and  common  chloride,  equal  to  4  parte  nitrogen,  applied  in  city 
water. 

Total  efflnent  to  end  of  month.  1.421.96  gallons. 
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FILTER   TANK   No.    13. 

FebraMry  and  Kareli,  1888. 
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Ellluent  colorless,  generally  clear  or  nearly  so,  and  with  very  little  or  no  sediment. 
February  29. — First  sewage  applied.    March  31.  —  Outlet  closed  at  10.41  a.m.    River  high. 
Total  effluent  to  e^d  of  month,  95.2  gallons. 
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Filter  Tank  No.  13— Continued. 

AprU,  18SS. 
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Effloent  colorleM  and  generally  clear  or  nearly  ■o,  and  with  very  little  aediment. 
April  5.  — Outlet  opened  at  7.36  a.m.    Outlet  closed  from  5.11  P.x  ,  April  6,  to  7.49  A,it.,  April  11. 
KiTer  high.    April  29. — Ontlet  eloeed  at  6.40  P.X.    Blver  high. 
Total  effinent  to  end  of  month,  168.70  galloni. 
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Filter  Tank  No.  i5  —  Continued. 

.  IMS. 


if 

RB8IDUB  OW 
EVAPOBATION. 

Ammonia. 

i 

NiTKOOBH  AB 

Tbmpbr- 

ATfTKB. 

Datb. 
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1 

1 

|1 
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i         1 

1,. 
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»,. 
7.. 
8.. 
9.. 

io». 

11,. 
12.. 
13.. 

u, . 

16.. 
18,. 
17.  % 
18,. 
1»». 
20,. 
21,. 
22.. 
23.. 
24,. 
28.. 
26.. 
27,. 
28.. 
29.. 
80.. 
81.. 

8.0 
8.0 

8.0 

8.0 
8.0 
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3.0 
8.0 
8.0 
8.0 
8.0 
6.0 

3.0 
3.0 
8.0 
3.0 

2.7 
5.8 
.6 
2.6 
2.6 
8.0 
8.0 
2.0 
5.1 

8.8 
8.1 
5.8 

.6 
2.6 
8.0 
8.0 
8.1 
2.9 
5.7 

.6 
2.6 
8.0 
8.0 
8.0 

8.10 
6.80 
11.40 

18.10 

11.20 
4.70 

0.50 
0.40 
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17.10 

-  1 

_    ! 

-  1 

-  1 
.    1 
.    1 

16.10 

! 
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1 
19.80 

"      1 
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.0040 
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.0080 
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.0114 
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3.20 
8.16 

8.06 
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(.82 
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1.4000 
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1.0000 

.0068 

.0070 
.0063 

.0067 

.0029 
.0011 

.0003 
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51* 
51- 
49" 

49* 
49- 
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61* 

vr 
far 

55* 

56" 

5r 

57* 
56* 
bV 

Bffluent  colorless  and  generally  clear  and  nearly  froo  from  Mdiment. 

May  4.  —  Outlet  opened  at  9.58  a.m.   Outlet  closed  from  8.88  FJI.,  May  12,  to  8.09  a.ii..  May  17.  RiTcr 
high.    May  17  and  21.  — Band  In  sample. 

ToUl  effluent  to  end  of  month.  282.7  galloiii. 
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Filter  Tank  No.  13  —  Continued. 
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EflSu«iit  oolorlflM  and  geii«r»ny  clear  and  very  nearly  free  from  aedime&t. 
Total  efflaent  to  end  of  month,  828.7  gaUona. 
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Filter  Tank  No.  13 — Continued. 
jair,  issa. 
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6.00 

6.72 

- 

- 

- 

- 

- 

1      - 

- 

72" 

65* 

29,. 

- 

.63 

- 

- 

- 

- 

- 

- 

1      - 

- 

1    - 

- 

80.. 

3.00 

2.67 

1.80 

29.80 

.0002 

.0120 

.0122 
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- 

- 

- 

- 

- 

- 

Tr 

- 

Effluent  colorlcAA  and  generally  clear  and  free  from  aedlment. 
Total  effluent  to  end  of  month,  412.6S  gallons. 
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Filter  Tank  No.  13— Continued. 

Ancust,  18SS. 


Rksidur  on 
Evaporation. 
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BfBtiait  oolorlesfl  and  generally  clear  and  free  from  aediment. 

After  Angnst  1  reeldae  on  evaporation  obtained  with  sodium  carbooAte. 

Total  effluent  to  end  of  month,  604.62  gallone. 
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Filter  Tank  No.  13— Continued. 


September 
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Bfflnent  clear  and  colorlefls  and  generally  ft-ee  from  sediment. 

September  27.  —  Hole  drilled  about  the  middle  of  side  of  tank  and  plugged. 

Total  efflaent  to  end  6f  month,  606.18  gallons. 
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KfilQent  elear  and  eolorleas  and  generally  free  from  aediment. 

October  10.  —  Faacets  put  In  side  of  iajxk,  one-quarter,  one-half  and  three-qnarten  way  down  and  2 
"«^  from  bottom. 
Total  effluent  to  end  of  month,  686.67  gallona. 
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Filter  Tank  No.  15  — Continued. 
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BfflaeDt  colorless,  generally  clear  and  with  very  little  or  no  sediment. 
November  28.  —  Outlet  dosed  at  8.66  p.k.    River  high. 
Total  ei&aent  to  end  of  month,  760.16  gallons. 
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Filter  Tank  No.  13—  ContinTied. 
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Bfflnent  eolorleas,  generally  dear  and  with  very  little  or  no  aedlment. 

December  1.— Outlet  opened  at  8.19  a.x.    December  14. ~ Outlet  thawed  ont  at  3.15  p.m.;  Deoem* 
ber  15,  at  8.22  a  jf .    Outlet  closed  from  8.40  p.x.,  December  18,  to  2.00  p.x.,  December  21. 
Total  effluent  to  end  of  month,  855.43  gallons. 
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Filler  Tank  No.  13— Continued. 

tmmmmrj,  ISS*. 


il 

1 

9 

RB8IDDB  ON 
EVAFORATIOK. 

Ammokia. 

i 

NITSOGBK  AS 

ATUHS. 

DATS. 

|-J 

1 

1 

1 

1 

1 

5 

1 

1 

u 

1..          . 

2,  .       . 

8..        . 

4.  .        . 

6.  .        . 

«,  .        . 

7..        . 

8,.       . 

•.  .        . 
10..        . 
11..       . 
12..        . 
18..        . 
14,.        . 
16..        . 
18,.        . 
17..        . 
18..        . 
19,  .        . 
20,.        . 
21,.        . 
22,  .        . 
23,.        . 
24,  . 
26,  . 

28,.        . 
27,.        . 
28,.        . 
29..        . 
80,.        . 
81,.        . 

3.00 
8.00 
S.OO 
3.00 
6.00 

8.00 
3.00 
8.00 
8.00 
3.00 
6.00 

3.00 
3.00 
3.00 
8.00 
3.00 
6.00 

3.00 
3.00 
3.00 
3.00 
3.00 
6.00 

8.00 
3.00 
3.00 
3.00 

8.05 
2.96 
2.07 
3.01 
6.98 

.58 
2.68 
3.04 
8.04 
2.96 
2.96 
6.60 

.66 
2.45 
3.01 
3.02 
3.14 
2.98 
6.78 

.49 
2.60 
8.06 
8.07 
8.04 
8.01 
6.86 

.62 
2.49 
3.06 
3.00 
3.09 

.60 

1.00 
1.10 

1.10 
1.40 

.90 
1.80 

.80 
.80 

29.70 

26.00 
23.20 

23.80 
24.60 

18.40 
16.70 

16.80 
18.60 

.0008 

.0006 
.0004 

.0014 
.0012 

.0006 
.0000 

.0004 
.0020 

.0090 

.0102 
.0098 

.0076 
.0092 

.0068 
.0054 

.0030 
.0082 

.0098 

.0108 
.0102 

.0090 
.0104 

.0064 
.0064 

.0084 
.0102 

8.26 

6.11 

4.12 

*" 

4.74 
6.83 

2.62 
2.49 

2.63 
8.68 

.6200 

.7000 
.7000 

.8300 
.7000 

.8000 
.9000 

1.0000 

1.2000 

1 

.0000 

.0000 
.0000 

.0000 
.0000 

.0002 
.0000 

.0002 
.0001 

.092 
.078 

.071 

46- 

45' 
45- 
45- 
46* 

45- 
46* 
45* 
46- 
45* 

49* 
48* 

48* 
46* 

48* 
48* 
4«* 
48* 
45* 
48* 

48* 

48* 

4r 

4r 

AT 
AT 
46* 
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Effluent  colorless,  clear  or  nearly  so  and  with  very  little  or  no  sediment. 

Beginning  January  14,  a  solution  of  ammonlnm  chloride  and  sodium  carbonate  in  city  water  applied 
instead  of  sewage.  January  14  to  27. —The  solution  conUined  1.00  part  per  100,000  of  free  ammonia. 
January  28  to  31.— -It  contained  2.00  parts. 

Total  efBuent  to  end  of  month,  048.40  gallons. 
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Fitter  ToTik  No.  13  —  Continued. 
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BfflnMDt  eolorl«8s,  clear  or  nearly  so  and  with  very  little  aedlment. 

Febmary  1  to  3.  —  The  solution  applied  contained  2.00  parts  per  100,000  of  free  ammonia.    February 
.4  to  28.— It  contained  4.00  parts. 

Total  efflaent  to  end  of  month,  1086.08  gallons. 
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Filter  Tartk  No.  13—  Continued. 


n 

»relt. 

188». 

a. 

11 

s  . 

11 

RB8IDDB  ON 
EVAPORATIOW. 

AXMOKIA. 

I 

NiTEOOKM  AS 

1      < 

Datb. 

|j 

1 

i 

•i 

'S 

i 

K 

1 

1 

1 

1. .     . 

8.00 

2.90 

. 

_ 

_ 

_ 

. 

» 

. 

1 

46* 

44- 

2..       . 

6.00 

5.80 

- 

- 

- 

- 

- 

- 

- 

- 

46' 

- 

3.  .        . 

.61 

- 

- 

- 

- 

- 

_ 

- 

- 

- 

- 

- 

4.  ' 

8.00 

2.40 

.80 

40.80 

.0180 

.0070 

.0200 

8.47 

3.1000 

.1600 

- 

46« 

46' 

5,  . 

3.00 

2.98 

- 

- 

- 

- 

- 

- 

- 

- 

- 

46- 

46' 

6.  .       . 

3.00 

3.08 

- 

- 

- 

- 

- 

- 

- 

- 

■    - 

45« 

43* 

T,  .       . 

8.00 

3.09 

2.80 

40.20 

.0110 

.0060 

.0160 

8.36 

8.2600 

.0100 

- 

6r 

44* 

8,.       . 

8.00 

2.98 

- 

- 

- 

- 

- 

- 

- 

- 

- 

64* 

43* 

Of  • 

8.00 

2.96 

- 

- 

- 

- 

- 

- 

- 

- 

- 

br 

41' 

10,  .        . 

- 

.58 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

11,  .        . 

3.00 

2.40 

1.80 

40.10 

.0012 

.0088 

.0050 

8.65 

8.1000 

.0012 

- 

46* 

W 

12.  .        . 

3.00 

3.02 

- 

- 

- 

- 

- 

- 

- 

- 

- 

66* 

iT 

18..        . 

8.00 

3.10 

- 

- 

- 

- 

- 

- 

- 

- 

- 

66- 

43r 

14..        . 

3.00 

2.99 

.90 

40.80 

.0004 

.0060 

.0064 

8.60 

3.0000 

.0006 

.072 

6«* 

iff 

16,.       . 

3.00 

3.00 

- 

- 

- 

- 

- 

- 

- 

- 

- 

63* 

45' 

16..        . 

8.00 

3.02 

- 

- 

- 

- 

- 

- 

- 

- 

- 

bar 

44* 

17..        . 

- 

.56 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

18,  .       . 

8.00 

2.39 

1.40 

41,80 

.0022 

.0062 

.0084 

8.60 

3.0000 

.0005 

- 

50* 

44* 

19,.        . 

8.00 

3.06 

- 

- 

- 

- 

- 

- 

- 

- 

- 

65' 

44- 

20.  .       . 

3.00 

2.96 

- 

- 

- 

•  „ 

- 

- 

- 

- 

- 

68" 

44* 

21,  .       . 

3.00 

2.98 

1.60 

65.10 

.0010 

.0068 

.0068 

18.60 

3.2600 

.0007 

- 

64* 

44- 

22,  .       . 

3.00 

3.07 

- 

- 

- 

- 

- 

- 

- 

- 

- 

62* 

46* 

28.  .        . 

3.00 

2.98 

2.00 

68.10 

.0010 

.0068 

.0078 

15.87 

6.0000 

.0090 

- 

69- 

iT 

24.  .       . 

- 

.62 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

25..        . 

8.00 

2.33 

1.80 

70.60 

.0016 

.0078 

.0094 

16.26 

6.0000 

.0060 

- 

64* 

4r 

26,  .       . 

8.00 

3.04 

- 

- 

- 

- 

- 

- 

- 

- 

- 

48- 

46* 

2T.  .       . 

8.00 

3.02 

- 

- 

- 

- 

.    - 

- 

- 

- 

.- 

56' 

45* 

28..       . 

8.00 

2.96 

1.70 

76.40 

.0088 

.0062 

.0100 

16.66 

6.0000 

.0080 

- 

66' 

AT 

29,'.       . 

3.00 

3.04 

- 

- 

- 

- 

- 

- 

- 

- 

- 

64" 

48* 

80,.        . 

8.00 

2.94 

- 

- 

- 

- 

- 

- 

- 

- 

- 

62- 

46* 

81,  . 

- 

.67 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Effluent  colorless,  clear  or  very  nearly  so,  and  generally  'with  very  little  aediment. 

March  1  to  17.  — The  solution  applied  contained  4.00  parts  per  100,000  of  free  ammonia.  March  18 
to  81.—  It  contained  8.00  parts.  Beginning  March  7,  the  water  to  be  applied  was  boiled  and  allowed  to 
oool  before  the  ammoniura  chloride  and  sodium  carbonate  were  added. 

Total  effluent  to  end  of  month,  1116.64  gallons. 
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Filter  Taw*  No.  15—  Continued. 
April,  iaa». 


p 

1 

RSSIDDS  OK 
EVAPOKATION. 

AaocoMiA. 

j 

NiTBOOBN  AS 

1 

< 

Texpbb- 

▲TUKK. 

DATS. 

§1 

1 

1 

.     1 

s 

1 

1 

1 

1, .     . 

2,.        . 
3..        . 
4..        . 
6*.        . 
«..        . 
7,.        - 
3..       . 
0,.       . 
10,.        . 
11,.        . 
12..        . 
13,.        . 
14..        . 
15..        . 
1«,.       . 
IT..       . 
W,  .       . 
19..       . 
20..       . 
21..       . 
22..       . 
23,.       . 
24,.       . 
25,.       . 
28,.       . 
27,.       . 
28.  .       . 
2»..       . 
»..       . 

3.00 
8.00 
3.00 
8.00 
8.00 
8.00 

3.00 
3.00 
8.00 
8.00 
3.00 
3.00 

3.00 
3.00 
3.00 
8.00 
8.00 
8.00 

8.00 
8.00 
8.00 
3.00 
3.00 
3.00 

3.00 
3.00 

2.88 
8.10 
8.04 
2.98 
3.02 
2.98 

.67 
2.43 
8.06 
2.96 
8.04 
8.01 
2.90 

.56 
2.38 
3.03 
2.96 
3.05 
8.06 
3.00 

.98 
2.20 
3.00 
3.01 
8.04 
2.95 
3.03 

.64 
2.41 
3.07 

1.70 
.60 

1.50 
2.20 

8.80 
7.20 

1.60 
6.60 

10.40 

76.60 
74.80 

79.60 
78.70 

96.80 
182.00 

148.40 
184.60 

240.80 

.0021 
.0016 

.0022 
.0018 

.0010 
.0040 

.0118 
.8200 

3.6700 

.0068 
.0060 

.0064 
.0064 

.0068 
.0002 

.0092 
.0180 

.0610 

.0082 
.0076 

.0086 
.0082 

.0078 
.0132 

.0210 
.8380 

8.0210 

17.00 
17.13 

16.60 
16.78 

28.65 
82.66 

34.40 
63.40 

67.80 

6.6000 
6.0000 

6.6000 
6.0000 

10.0000 
10.0000 

12.0000 
12.0000 

16.0000 

.0014 
.0008 

.0004 
.0006 

.0020 
.0030 

.0260 
.0460 

.2000 

.120 
.265 
.657 

48- 

67- 
54- 
56- 

50* 
68* 
68* 
66« 
68- 
63* 

45* 
62" 
62* 
64* 
62' 
62- 

62* 
50' 
56" 
64" 
64* 
60" 

54* 

68« 

48- 
43* 
44* 
45* 
46* 
46- 

48* 
49" 
50* 

53* 

6r 

49- 

' 

49* 
49' 
54* 

53* 
52- 
52» 
56* 
57* 
64* 

56* 
56" 

Ifflnent  generally  clear  and  colorless  and  with  very  alight  sediment. 

April  1  to  11.— The  solution  applied  contained  8.00  parts  per  100,000  of  free  ammonia.  April  12  to 
22.— It  contained  16.00  parts.  April  23  to  80.  —  It  contained  34.00  parts.  UnUl  about  April  17,  the 
■mmonlum  chloride  and  sodium  carbonate  were  added  together,  but  afterwards  separately. 

April  29  to  August  29.  —  The  water  to  be  applied  was  not  boiled, 

Total  effluent  to  end  of  month,  1104.56  gallons. 
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Filter  Tank  No.  13— Continued. 

Kay,  ISM. 


1 

I 

1  Residue  ow 

EVAPORATIOK. 

Ammohxa. 

i 

I 

KiTROGBM  A8 

a 

I 

TSXTKB- 
ATt-BK. 

DATS. 

i 

1 

i 

< 

1 

» 

1 

1 

s 
1     ^ 

1..          . 

3.0U 

2.96 

. 

. 

. 

. 

. 

. 

- 

- 

- 

61*  ]   W 

2,.       . 

3.00 

8.02 

23.00 

276.00 

4.0900 

.0100 

4.1000 

70.20 

20.0000 

.2600 

- 

52-      So- 

8,.       . 

3.00 

2.08 

- 

- 

- 

- 

- 

- 

- 

- 

- 

so*       - 

4,.       . 

3.00 

2.97 

- 

- 

- 

- 

- 

- 

- 

- 

- 

62" 

65* 

6..        . 

- 

.67 

- 

- 

- 

- 

- 

~ 

- 

- 

- 

- 

- 

«,  .        . 

3.00 

2.43 

- 

- 

2.6600 

.0700 

2.6200 

71.20 

22.0000 

.2300 

.406 

SC 

W 

7.  .       . 

3.00 

2.97 

- 

- 

- 

- 

__    1 

- 

- 

- 

61* 

68* 

8.  .       . 

3.00 

3.03 

- 

- 

- 

- 

- 

- 

- 

- 

- 

bT     69* 

9.  .        . 

3.00 

8.07 

12.00 

804.00 

1.6900 

.0200 

1.7100 

72.20 

20.0000 

.1000 

- 

64*  ,  «r 

10,  .        . 

3.00 

2.83 

- 

- 

- 

- 

- 

- 

- 

- 

6i*      W 

11,  .        . 

3.00 

3.02 

- 

- 

- 

- 

- 

- 

- 

- 

- 

W  .   64* 

12..        . 

- 

.44 

- 

- 

- 

- 

- 

- 

- 

- 

- 

-    1    - 

13.  .        . 

3.00 

2.34 

8.00 

806.80 

.4100 

.0240 

.4340 

72.80 

24.0000 

.0260 

.215 

66-  1  62* 

14..        . 

3.00 

2.96 

- 

- 

- 

- 

- 

- 

- 

- 

- 

66"      61' 

16.  .        . 

3.00 

3.06 

- 

- 

- 

- 

- 

- 

- 

- 

- 

68*  '  64* 

16,  .        . 

3.00 

2.08 

- 

- 

.2620 

.0140 

.2660 

72.40 

24.0000 

.0010 

.160 

58-  !   64' 

1 

17.  .        . 

3.00 

3.10 

- 

- 

- 

- 

- 

- 

- 

- 

- 

59-      66- 

18,.        . 

3.00 

2.99 

- 

- 

- 

- 

- 

- 

- 

- 

- 

63*     68* 

19,  .        . 

- 

.66 

- 

- 

■     - 

- 

- 

- 

- 

- 

- 

-        - 

20.  .        . 

3.00 

2.36 

12.00 

314.00 

.0620 

.0170 

.0690 

78.00 

26.0000 

.0008 

- 

68-  1  66" 

21,  .        . 

3.00 

3.01 

- 

- 

- 

- 

- 

- 

- 

- 

- 

60-  1  65* 

22,  .        . 

3.00 

8.04 

- 

- 

- 

- 

- 

- 

- 

- 

- 

62-    ee* 

28,.        . 

3.00 

2.94 

- 

- 

- 

- 

- 

- 

- 

- 

- 

80-  !  es- 

24,  .        . 

3.00 

3.02 

- 

- 

- 

- 

- 

- 

- 

- 

- 

60*  1  er 

26,  .        . 

3.00 

3.00 

- 

- 

- 

- 

- 

- 

- 

- 

- 

w 

& 

26,.        . 

- 

.60 

- 

- 

- 

- 

-    • 

- 

- 

- 

- 

- 

- 

27,.        . 

3.00 

2.83 

1.00 

808.00 

.0840 

.0120 

.0060 

72.80 

24.0000 

.0020 

.170 

67* 

55' 

28,.        . 

3.00 

8.06 

- 

- 

- 

- 

- 

- 

- 

- 

- 

|6r 

61* 

29.  .        . 

3.00 

2.99 

- 

- 

- 

- 

- 

- 

- 

- 

- 

69" 

61* 

80,.        . 

3.00 

2.98 

- 

- 

.4440 

.0260 

.4600 

72.90 

26.0000 

.0200 

- 

59- 

60* 

81..        . 

8.00 

8.13 

- 

- 

- 

- 

- 

- 

- 

- 

- 

62" 

W 

Effluent  clear  or  nearly  so,  with  very  slight  sediment,  and  with  color  from  0  to  0.1. 

The  solution  applied  contained  34.00  parts  per  100.000  of  free  ammonia  thronghont  the  month. 

Total  effluent  to  end  of  month.  1276.16  gallons. 
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Fitter  Tank  No.  i 3—  Continued. 


'"■•• 

1830. 

Ii 

RB8IDDB  OM 

Evaporation. 

Ammonia. 

Nitrogen  ab 

1? 

< 

Tempkb- 

ATUEB. 

Datx. 

i 

1 

1 

1 

1 

S 

2 

1 

1 

1. . 

2.  - 
8.  - 
4,  . 
6.  . 

«.  .         . 
T.  .         . 
«.  -         . 
».  -         . 
10..         . 
11,.         . 
12.  .        . 
13..         . 
14..         . 

16.  .        . 
16,.        . 

17.  . 
18,.        . 

u. .     . 

«..  . 
21.  .  . 
22..  . 
23..  . 
%.  .        . 

25.  .        . 

26..       . 

27..       . 

»,.       . 

»..       . 

»..        . 

8.00 

3.00 
3.00 
3.00 
8.00 
8.00 
3.00 

3.00 
S.OO 
8.00 
8.00 
8.00 
8.00 

8.00 
8.00 
3.00 
8.00 
8.00 
3.00 

8.00 
8.00 
8.00 
8.00 
3.00 
8.00 

8.05 

.M 
2.47 
8.08 
3.U 
8.01 
2.04 
2.91 

.68 
2.48 
8.02 
2.89 
2.96 
8.00 
2.06 

.68 
2.84 
2.91 
2.92 
3.34 
2.92 
2.80 

.62 
2.36 
2.95 
2.97 
2.97 
2.95 
2.95 

.60 

7.00 
18.00 

8.00 

12.00 
20.00 

301.00 
299.00 

284.00 

313.00 
338.00 

.0280 
.0400 

8.0000 

- 

1.0000 

- 

1.4000 

.0160 
.0140 

.0380 

.0700 
.1800 

.0430 
.0640 

8.08B0 

1 

1.0700 

-      i 

1 

1.6300 

1 

70.60 
71.40 

1 
1 

68.50, 

1 

- 
71.10 

70.60 

24.0000 
25.0000 

28.0000 

28.0000 
27.0000 

.0004 
.0018 

.0060 

.0040 
.0009 

1         - 

.870 

.342 

.616 

.      1 

61- 

60- 
1   60- 
!   62* 
'  61- 
'  61' 
1   60* 

66- 
1  60' 

64- 

71- 
1  66* 

64* 

69* 
63- 
63* 
65' 

66* 

66' 
66* 
67* 
71" 
69- 
70* 

65* 
65* 
65* 

aer 

66' 
64* 

70* 
72- 
70* 
72* 
72- 
78* 

74- 

64* 
69- 
72- 
72* 

70* 
67* 
69» 
72* 
76- 
76« 

EfSaent  nearly  dear  and  with  very  slight  Bediment,  and  with  color  from  0  to  0.2. 

The  BOlntlon  applied  contained  84.00  parte  per  100.000  of  free  ammonia. 

Jane  17.  —  Samples  of  sand  taken. 

Total  efflnent  to  end  of  month,  1360.25  gallons. 
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Filter  Tank  No.  i3  — Continued. 

Jnl7,  188*. 


It 

Residub  oh 
Evaporation. 

Ammonia. 

«' 

NiTBOOBX  AS 

'      i 
'   .  i 
1  1 

'      JLTCBB. 

Datx. 

i 

b* 

1 

|l 

^ 

1 

% 

1 

1 

1,  . 

2..        . 
8,  .        . 
4,.        . 
6..        . 
«.  .        . 
T,  .        . 

8,  .        . 

9,  .        . 

10,  .        . 

11,  .        . 

12,  .        . 

13,  . 

14,  . 

16.  .        . 
18,.        . 

17.  .        . 

18.  . 

19.  . 

20.  . 

21.  . 

22.  . 

23.  . 

24.  . 

25.  . 

28.  .        . 
27..        . 
28..        . 

29,  .        . 

80.  .        . 

81,  . 

3.00 
3.00 
3.00 
S.OO 
3.00 
8.00 

3.00 
3.00 
1.50 
1.60 
1.50 
1.60 

1.50 
1.50 
1.60 
1.50 
1.50 
1.60 

1.60 
1.50 
1.60 
1.60 
1.50 
1.60 

1.50 
1.50 
1.60 

2.88 
3.60 
2.90 
8.01 
2.91 
2.92 

.65 
2.42 
3.01 
1.41 
1.42 
1.59 
1.51 

.55 

.91 
1.46 
1.61 
1.43 
1.53 
1.51 

.53 
1.04 
1.41 
1.42 
1.44 
1.47 
1.30 

.53 
1.24 
1.63 
1.49 

1 

38.00 

8.00 
10.00 

36.00 
28.00 

20.00 

26.00 
18.00 

366.00 

362.00 
814.00 

636.00 
660.00 

619.00 

722.00 
722.00 

.8120 

1.8000 
1.4400 

.6000 
2.0000 

i  - 
1 

1.6000 

1 

18.4800 

i  . 

2.3200 

.0440 

.0720 
.0700 

.0740 
.0740 

.0700 

.0700 
.1800 

.3660 

1.4320 
1.6100 

.6740 
2.0740 

1.6700 

8.5600 
8.4600 

71.20 

71.40 
61.20 

109.80 
123.70 

106.60 

148.70 
148.20 

28.0000 

125.0000 
22.0000 

30.0000 
34.0000 

43.0000 

40.0000 
45.0000 

.0060 

.0225 
.0200 

.0200 

.      1 
.2600 

- 

.0160 

.9000 
.6000 

1 

.710 

-    i 

"  1 

.720 

1 

1 

1.305 
1.800 

2.000 

2.100 
1.865 

rr 
«r 

70- 
7T 
71- 
TV 

IT 

7(r 

68" 

!   ^ 
71- 

73- 
6&' 

6r 

70* 
70* 

vr 

70- 
69- 
68* 
70* 
70* 
69* 

TT 

72- 
70- 

7e» 

79* 
TT 

TT 
73- 

6r 

70- 
74' 

65* 
66* 
«• 

60' 

71* 
70* 
69* 
68* 
71- 

er 

76' 
74' 

Average  color  of  effluent  0.3.  From  very  slightly  milky  to  distinct  turbidity  and  from  no  sediment 
to  considerable. 

July  2  to  9.  — The  solution  applied  contained  34  parts  per  100,000  of  free  ammonia  and  60  percent, 
more  soda  than  required  to  form  nitrate  with  the  nitrogen  present.  July  10  to  31.  — It  contained  d8 
parts  per  100,000  of  free  ammonia  and  soda  as  before.  July  2, 6, 9, 18  and  29.  —  Bottom  of  tank  aterilixed 
by  forcing  in  hot  water. 

Total  effluent  to  end  of  month,  1402.26  gallons. 
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JVKer  Tattk  No.  13  —  Continued. 
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Bfflaent  generally  clear  and  free  from  sediment  with  color  from  0  to  0.16. 

Aagnet  1  to  6.  —  The  solution  applied  contained  63  parts  per  100,000  of  free  ammonia  and  60  per 
cent,  more  soda  than  required  to  form  nitrate  with  the  nitrogen  present.  August  6  to  81.  —It  contained 
free  ammonia  as  before  but  soda  was  reduced  to  just  form  nitrate  with  the  nitrogen  present.  August  2. 
18and22.— Bottom  of  tank  sterilized  by  forcing  in  hot  water.  After  August  30.— Water  applied  to 
tank  was  boiled  one  hour  and  allowed  to  cool. 

Total  effluent  to  end  of  month.  1440.80  gallons. 
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Filter  Tank  Ko.  23— Continued. 
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Bfflaent  generally  clear  and  free  from  sediment,  with  color  from  0  to  0.1. 

The  solution  applied  contained  68  parts  per  100,000  of  free  ammonia,  and  enough  soda  to  Jnst  fbrm 
nitrate  with  the  nitrogen  present. 

Total  effluent  to  end  of  month.  1477.21  gallons. 
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FOter  Tank  No.  13—  Continued. 
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Sfflaent  colorless,  free  from  sediment  and  generally  clear. 

October  1  to  7.— The  solatioQ  applied  contained  08  parU  per  100,000  of  free  ammonia  and  enough 
lods  to  Just  form  nitrate  with  the  nitrogen  present.  October  8  to  81.  —It  contained  free  ammonia  as 
before,  but  the  soda  was  reduced  to  just  enough  to  form  nitrate  with  one-half  of  nitrogen  present. 

Total  efflnent  to  end  of  month,  1616.88  gallons. 
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FiUer  Tank  No.  13  —  Continued. 
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Effluent  colorless  and  generally  clear  and  free  from  sediment. 

The  solution  applied  contained  68  parts  per  100,000  of  free  ammonia  and  enough  soda  to  form  nitrate 
with  one-half  of  the  nitrogen  present. 

Total  effluent  to  end  of  month.  1664.43  gallons. 
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Four  Tatik  No  id— Continaed. 
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48* 
4V 

47* 
50* 
50' 
55* 

45* 
45- 
60* 
61- 
47* 
44« 

46- 
44' 

45* 
45- 
41* 
41* 
44 

4r 

49* 

4r 
45- 

44- 
44" 

39- 

48* 

43* 
43* 
49* 
46* 
40* 

44* 

43* 

46* 
44- 
44- 

45* 

41* 

Efflaeot  colorleM  or  nearly  bo.  dear  or  tUghtly  turbid  and  free  from  sediment. 
The  aolutlon  applied  contained  68  parU  per  100,000  of  free  ammonia  and  enoagh  soda  to  jnet  form 
oltnte  with  one-half  of  the  nitrogen  present. 
Total  efllaent  to  end  of  month.  1503.78  gallon*. 


Digitized  by 


Google 


210 


FILTRATION  OF  SEWAGE. 


FiUer  Tank  No,  15—  Continued. 


J»iiiimtT«  18S9* 


1, 

2, 

3, 

4, 

5, 

6. 

7, 

8, 

», 

10, 

11. 

12. 

13, 

14. 

15, 

1«. 

17. 

18, 

19, 

20. 

21. 

22, 

23, 

24. 

26, 

26, 

27, 

2S. 

29, 

30, 

31, 


<y 


1.50 
1.50 
1.50 
1.50 


1.50 
1.50 
1.60 
1.60 
1.60 
1.60 

1.60 
1.60 
1.60 
1.50 
1.50 
1.60 


1.50 
1.60 


1.60 


1.60 
1.60 
1.60 

1.60 
1.50 
1.50 
1.50 
1.60 


n 


1.47 
1.57 
1.46 
1.43 

.60 
1.09 
1.45 
1.48 
1.48 
1.87 
1.46 

.64 
1.14 
1.46 
1.4S 
1.64 
1.86 
1.67 

.69 
1.06 
1.40 


Kksidck  on 
evai>oratton. 


1.89 


1.54 
1.54 
1.44 
.62 
1.10 
1.43 
1.62 
1.60 
1.62 


re.oo 


32.0000 


26.0000 


24.5000 


28.0000 


gs 


s 

s 

CO 


17.0000  I 


VtTBOaKK  AS 

! 

i 

e 

r 

s 

t        'A 

^ 

< 

1 

1     . 

1 

- 

143.00 


143.00 


7.8000 


9.0000 


143.00 


139.00 


124.00 


7,0000 


8.4000 


10.0000 


TKxrti:- 

▲TCEX. 


4r  I  4r 

&*•      4»' 


21.0000    1.100"    46- 


15.0000 


1.150 


18.00001' 1.290 


45- 
64* 

4«" 
42* 


44' 


44- 

45- 
45- 

40- 


40-      36' 
42-     ZT 


44- 
44- 

41' 
44* 
30* 
41' 


43- 
48- 

43- 

I  48- 
42* 


4r 
4r 

38* 

37 
38* 
38- 


Efflaent  free  from  Mdlment  clear,  or  nearly  »o,  and  with  color  from  0  to  0.1. 

The  iolatloD  applied  contained  68  parti  per  100,000  of  free  ammonia  and  enough  soda  to  juit  form 
nitrate  with  one  half  of  the  nitrogen  present. 
Total  effluent  to  end  of  month,  1,034.21  gallons. 
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Filter  Tank  No.  13  —  Continued. 


U 

"5=3 

ll 

Rbsiuuk  on 
Evaporation-. 

Ammokia. 

, 

>^ITJUiaRN  AS 

IE 
< 

ATtHL 

Date. 

]i 

i 

1 

2 

o 

is 

'i 

1 

4 

i 

1 

a 

I, 

2,       . 

2.       . 

4,  . 

5.  . 
«.       . 

7,  . 

8,  . 

10,  . 

11,  . 

12,  , 

13,  . 

14,  . 

15,  . 

w,     . 

IT,       . 
18,       . 
W,       . 

20,  . 

21,  . 

22,  . 

23,  . 

24,  . 

25,  . 

26,  . 

27,  . 

28,  . 

1.60 

1.60 
1.50 
1.50 
1.50 
1.60 
1.60 

1.60 
1.50 
1.50 
1.50 
1.60 
1.60 

1.60 
1.50 
1.50 
1.50 
1.50 
1.50 

1.50 
1.50 
1.50 
1.50 
1.50 

l.fiS 

.47 
1.12 
1.62 
1.52 
1.45 
1.63 
1.65 

.62 
1.08 
1.50 
1.65 
1.56 
1.49 
1.47 

.56 
1.08 
1.46 
1.64 
1.52 
1.47 
1.61 

.58 
1.15 
1.48 
1.00 
,.M 
1.49 

- 

1 

j    - 

i     - 

1    - 

18.0000 
23.0000 

23.0000 

1 
21.0000 

- 

- 

135.50 

136.00 

"      i 
1 

139.00 
139.00 

8.0000 
8.7000 
11.0000 
10.6000 

20.0000 
20.0000 
24.0000 
24.0000 

.920 

.800 

1.050 

.900 

4r 

42* 
62* 
63" 
42* 
38' 
48* 

87* 
45* 

46* 
45' 
61' 
63' 

43' 
49* 
44* 
43- 
38* 
38* 

43* 
48* 
61' 
61- 
61' 

4r 

43- 
44* 

4r 

42* 
38* 
43* 

4r 

44* 

44« 
44' 

48* 

44' 

40* 
41* 
41* 
37* 
37' 

43* 
42* 
46' 
45» 
45« 

Bfflaent  free  from  sediment  and  generally  clear,  with  color  from  0.1  to  0.2. 

The  Bolation  applied  contained  68  parts  per  100,000  of  free  ammonia  and  enough  soda  to  Just  form 
nitrate  with  one  half  of  the  nitrogen  present. 
Total  effluent  to  end  of  month,  1,671.14  gallons. 
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FILTRATION  OF  SEWAGE. 


FiUer  Tank  No.  13  —  Concluded. 


Hareh 

,  1890. 

i. 

u 

1= 

BiaiDUS  ON 
EVAPOJUTIOK. 

AXMOKIA. 

1 

KlTBOOKV  A8 

1 

Tkmpkk- 

▲Tl'KK. 

Datb. 

§1 

1^ 

■i 

1 

^} 

1 

i 

g 

1 

i 

1.  . 

2.  . 
8.       . 

4.  . 

5.  . 

T.       . 

8,  . 

9.  . 

10.  . 

11.  . 

1.50 

1.50 
1.60 
1.50 
1.60 
1.60 
1.60 

1.50 
1.60 
1.50 
1.60 
1.60 
1.60 

1.50 
1.60 
1.60 
1.60 
1.60 
1.60 

1.60 
1.50 
1.50 
1.60 
1.60 
1.50 

1.60 

1.54 

.52 
1.05 
1.51 
1.61 
1.48 
1.48 
1.54 

.56 
1.18 
1.48 
1.58 
1.54 
1.50 
1.49 

.66 
1.10 
1.61 
1.46 
1.54 
1.57 
1.50 

.53 
1.06 
1.49 
1.58 
1.54 
1.51  1 
1.61 

.55  j 
1.08 

24.0000 

14.5000 

1        . 

1    - 

- 

IS.OOOO 

■ 

IS.OOOO 

" 

140.00 

141.00 

1 

- 

141.00 

.      1 

141.00 

18.0000 
16.0000 
18.0000 
17.0000 

16.0000 

2.000 

-J 

w 
w 

40* 
45- 
46* 
42-, 

41' 

a 

1 

^0 
1^1 

12.  . 

13.  . 

14.  . 

15.  . 
Ifl.       . 

17.  . 

18,  . 
10.       . 

20,  . 

21,  . 

22,  . 

23,  . 

24,  . 

26.  . 
2fl,        . 

27.  . 

28.  . 

29.  . 

80,  . 

81,  . 

24.00G 
22.00C 
25.00C 

K) 
10 

Generally  a  slight  tnrbldity  and  ■edltu'^nt  Id  offlnent,  with  color  from  0.2  to  0.8. 

March  1  to  4.  —  The  solution  applied  contained  68  parts  per  100,000  of  free  ammonia,  s 
to  Jast  form  nitrate  with  one  half  of  nitrogen  present.  March  6  to  81.— It  contained  l 
before,  bat  the  soda  was  Increased  to  Just  form  nitrate  with  all  the  nitrogen  present. 

Total  efflaent  to  end  of  month,  1.711.11  gallona. 
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FILTER  TANK   No.    14. 

Vcbntary  mad  Xareli,  18SS. 


^i 


12.00 


§§ 


12.10 


^  Rrsiddk  ov 
evapobatzon. 


2.10 


I 


7.80 


Ahmoxia. 


.0804 


.0188 


.0532  I 


1.08 


NiTROOBN 


.0120 


.0006 


Tkmpbr- 

▲TI7KB. 


44* 


3(P 


Mmreli,  18SS. 


1, .     . 

6.00 

6.00 

4.00 

10.10 

.0672 

.0140 

.0612 

2.88 

.0080 

.0014 

- 

44* 

40* 

2..    . 

8.00 

6.00 

- 

- 

- 

- 

- 

- 

- 

- 

- 

44' 

40- 

8..   . 

6.00 

5.00 

- 

- 

- 

- 

- 

- 

- 

- 

- 

44* 

42- 

4..   . 

6.00 

6.00 

4.10 

10.30 

.1000 

.0168 

.1168 

2.86 

.0200 

.0085 

- 

44* 

sr 

5..   . 

6.00 

5.00 

- 

- 

- 

- 

- 

- 

- 

- 

- 

44* 

zr 

fl.  .    . 

6.00 

5.50 

2.80 

11.40 

.1200 

.0160 

.1360 

2.44 

.0120 

.0088 

- 

43* 

40» 

7,.    . 

6.00 

5.00 

- 

- 

- 

- 

- 

- 

- 

- 

42* 

8«» 

?.  .    . 

6.00 

6.00 

2.60 

0.40 

.0060 

.0180 

.1000 

1.80 

.0120 

.0023 

- 

44* 

- 

9..   . 

6.0O 

5.00 

- 

- 

- 

- 

- 

- 

- 

- 

- 

42* 

48* 

10..    . 

6.00 

5.80 

- 

- 

- 

- 

- 

- 

- 

- 

- 

44' 

89- 

11..   . 

6.00 

5.60 

2.20 

0.50 

.1280 

.0210 

.1400 

1.82 

.0450 

.0055 

- 

44* 

40* 

12,.    . 

6.00 

5.80 

" 

- 

- 

- 

- 

- 

- 

- 

44* 

- 

18..   . 

6.00 

5.00 

1.50 

10.00 

.1520 

.0110 

.1630 

1.05 

.0250 

.0020 

- 

44* 

- 

U.  .   . 

6.00 

5.10 

- 

- 

- 

- 

- 

- 

- 

-   1 

- 

44* 

48* 

15,  .   . 

6.00 

6.80 

f.20 

0.80 

.1880 

.0800 

.2680 

1.03 

.0150 

.0014 

im. 

44* 

4ir 

!«,.   . 

6.00 

6.0O 

- 

- 

- 

- 

- 

- 

1   - 

-   ' 

- 

43* 

44* 

17..   . 

6.00 

5.10 

- 

- 

- 

- 

- 

- 

- 

-   ' 

- 

43* 

48* 

IS..   . 

6.00 

6.70 

2.30 

10.60 

.2040 

.0120 

.2160 

2.0S 

.0200 

.0022  ' 

- 

44* 

- 

19,  .   . 

6.00 

6.00 

- 

- 

r 

- 

- 

- 

- 

1 

- 

43* 

41* 

20,.   . 

6.00 

8.00 

1.80 

ijO.OO 

.2200 

.0100 

.2300 

2.13 

.0350 

.0020  ' 

- 

44* 

- 

21,.   . 

6.00 

5.00 

- 

- 

- 

- 

- 

- 

- 

.   1 

- 

44* 

44* 

22,.   . 

6.00 

6.70 

0.00 

0.00 

.2520 

.0210 

.2730 

1.44 

.0420 

.0022  , 

- 

40* 

44* 

2a,.   .' 

6.00 

5.00 

- 

- 

- 

- 

- 

- 

- 

- 

1m.l5B. 

44* 

44* 

M..   . 

6.00 

5.20 

- 

- 

- 

- 

- 

- 

- 

1 

lm.25i. 

44* 

88* 

25,.   . 

6.00 

6.70 

1.60 

10.80 

.2800 

.0100 

.2000 

1.72 

.0250 

.0058 

1 

- 

44* 

40* 

28,.   . 

6.00 

6.00 

- 

- 

- 

- 

- 

- 

- 

1 
"  -1 

50  i. 

44* 

40* 

27,.   . 

6.00 

6.00 

1.60 

14.60 

.4880 

.0170 

.5050 

2.04 

.0550 

1 

.0016 

- 

44* 

41* 

28,.   . 

6.00 

5.20 

- 

- 

- 

- 

- 

- 

1   - 

_ 

- 

44* 

43* 

2»..   . 

6.00 

7.00 

,2.60 

14.20 

.5600 

.0220 

.5820 

8.02 

.0550 

.0036 

- 

43* 

43* 

»,.   . 

6.00 

4.80 

1   - 

- 

- 

- 

- 

- 

1   - 

- 

Im850. 

44* 

48* 

31..   . 

6.00 

2.10 

1   . 
I 

- 

- 

- 

- 

- 

1 

1   ■ 

- 

- 

44* 

- 

Bfflaent  colorleM,  generally  slightly  turbid  and  with  liitle  or  no  nedlment. 

Ftfbniary  20. —First  sewage  applied.   February  20,  March  2, 8. 4, 5. 7, 8  and  12  —  After  sewage  applied. 

efflxient  came  oat  In  a  stream  for  one  or  two  minutes.  March  81.  —  Oatlet  dosed  at  10.28  a.m.  BlTer  high. 

Total  effluent  to  ond  of  month,  188.80  gallons.  ^  j 
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Fitter  Tank  No.  14  —  Continued. 

Avril.  ISSS. 


1 
1^ 

Kbsidcb  on 

EVAPOBATIOM. 

Ajucohia. 

j 

KiTBOOBH 
AS 

Il 

▲TVII. 

Dam. 

i 

i 

1 

1^ 

^ 

S 

1 

t   s 

1.  .       . 

2.  .        . 

s. .      . 

4.  .        . 

- 

- 

- 

" 

~ 

- 

- 

- 

~ 

: 

*" 

J 

■ 

; 

5,  . 

6.00 

9.08 

1.60 

14.40 

.4440 

.0160 

.4600 

2.08 

.2000 

.0022 

60  8. 

«r   5»* 

T,  .        . 
8,.        . 
».  .        . 
10,  .        . 

6.00 

4.89 

— 

~ 

"" 

- 

*" 

*" 

*" 

~ 

- 

«• 

: 

- 

- 

- 

- 

- 

- 

- 

- 

- 

■■  i 

" 

- 

11,.    . 

6.00 

6.60 

8.90 

17.60 

.6900 

.0180 

.6080 

3.40 

.3500 

.0033 

60  fl. 

44- 

40* 

12..        . 

6.00 

6.60 

- 

- 

- 

- 

- 

- 

- 

- 

lm.25s. 

40- 

43" 

18..        . 

6.00 

11.10 

- 

- 

- 

- 

- 

- 

- 

- 

lin.200. 

42" 

41* 

14,.        . 

6.00 

6.00 

- 

- 

- 

- 

- 

- 

- 

lqi.258. 

46- 

- 

16.  .        . 

6.00 

6.00 

3.00 

16.80 

.6400 

.0290 

.6690 

3.60 

.2000 

.0017 

2m.lOB. 

45* 

43" 

16.  .        . 

0.00 

6.00 

- 

- 

- 

- 

- 

- 

- 

- 

2  m. 

42" 

44- 

17..        . 

6.00 

4.80 

2.70 

17.00 

.6800 

.0110 

.6010 

2.98 

.1600 

10022 

2m.l5B. 

42*  1  45- 

18,  .        . 

6.00 

6.00 

- 

- 

- 

- 

- 

- 

- 

- 

2m.lOB. 

46* 

44- 

19,  .        . 

6.00 

6.20 

3.30 

16.00 

.4300 

.0180 

.4480 

2.87 

.3250 

.0020 

2m.l6B. 

42* 

46* 

ao. .      . 

6.00 

6.60 

- 

- 

- 

- 

- 

- 

- 

- 

2m.l58. 

48' 

48* 

21,  . 

12.00 

11.80 

3.70 

22.00 

.4700 

.0110 

.4810 

.4.26 

.3500 

.0026 

2in. 

42* 

- 

a..     . 

- 

0.80 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

23.  .        . 

6.00 

6.70 

- 

- 

- 

- 

- 

- 

- 

- 

- 

AST 

- 

24,  .        . 

6.00 

6.80 

6.20 

21.70 

.4300 

.0130 

.4430 

4.68 

.7000 

.0036 

- 

42- 

- 

26..        . 

6.00 

6.10 

- 

- 

- 

- 

- 

- 

- 

- 

- 

42" 

- 

26,  .        . 

6.00 

6.00 

3.90 

17.20 

.2900 

.0070 

.2970 

2.64 

.7000 

.0026 

- 

46' 

- 

27,  . 

6.00 

6.00 

- 

- 

- 

- 

- 

- 

- 

- 

- 

^•|    - 

28,.        . 

12.00 

6.30 

6.20 

18.60 

.1880 

.0210 

.2000 

2.48 

1.0000 

.0080 

- 

46* 

- 

29..        . 

- 

0.43 

- 

. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

ao. . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Efflaent  eolorleaa.  and  generally  nearly  clear  and  nearly  free  from  sediment. 

April  6.~0ntlet  opened  at  7.38  A.M.    Outlet  closed  from  6.13  P.M.,  April  6,  to  8.08  a.m.,  April  H- 
Blver  high.    April  29.  —  Outlet  closed  at  6.38  p.m.    River  high. 
Total  efBuent  to  end  of  month,  317.34  gallons. 


Digitized  by 


Google 


FILTRATION  OF  SEWAGE. 


215 


Four  Tank  No.  14  —  Continuied. 

Mmr,  UM. 


ti 

1 

SB8IDUB  ON 
EVAPOKATIOK. 

Ammosia. 

i 

NlTBO«BS  AM 

TSMPBR- 
ATUKS. 

DATS. 

|l 

1 

i 

jgi 

1 

1 

i 

1 
'A 

1 

1 

iS 

1..          . 

2,.       . 
3,.       . 
4..       . 
&..       . 
8..       . 
7,. 

8..       . 
«,. 
M.. 

u.. 

12,. 
13.. 
U,. 
15..    ' 

l^. 

17,. 
18.. 
19.. 
»,. 
21,. 
22.. 
23.. 
24.. 
2i.. 
28,. 
2T.. 
28.. 
2».. 
30.. 
31.. 

0.00 
12.00 

6.00 
0.00 
6.00 
0.00 
0.00 
13.00 

6.00 
0.00 
12.00 

6.00 
6.00 
0.00 
0.00 
0.00 
12.00 

0.00 
6.00 
6.00 
0.00 

6.W 
11.40 
O.TO 

5.ao 

0.00 
5.W 
6.00 
5.00 
10.80 

0.90 
6.00 

11.70 
0.00 
6.70 
6.00 
6.90 
0.00 
5.90 

10.70 
0.00 
5.00 
6.00 
4.80 
6.00 

11.50 
11.00 
7.50 

9.80 

7.00 
0.90 

0.00 

28.50 
10.80 
15.90 

22.80 

22.80 
23.50 

28.10 

•0690 
.0800 
.0080 

.0006 

.0020 
.0004 

.0002 

.0140 
.0230 
.0070 

.0250 

.0132 
.0212 

.0196 

.0600 
.0690 
.0150 

.0258 

.0162 
.0210 

.0200 

8.82 
3.42 

2.78 

4.00 

4.20 
3.54 

5.94 

8.0000 

1.6000 
.8000 

1.5000 

2.0000 
.8000 

.9000 

.0111 
.0050 
.0020 

.0020 

.0010 
.0010 

.0010 

45- 
45« 

50* 
48* 
50* 

5r 

51* 
49* 

49* 
49- 
50* 

61* 
52* 
53* 
56- 
56" 
bV 

bV 
50' 
57' 
67- 

- 

Effluent  colorleos,  generally  nearly  clear  and  nearly  free  from  sediment. 
M*y  4.  -  Outlet  opened  at  9.43  A.X .    Outlet  closed  from  8.37  P.ic.,  May  12, 
Total  effloent  to  end  of  month,  463.54  gallons. 


to  8.10  A.X.,  May  17. 
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Filter  Tank  No.  14  —  Continued. 
Jnas.  laas. 


i 

«  s 

9  ** 

Rksiduk  ok 
evapohatiok. 

AXMOXIA. 

1 

NiTBOOKV  AS 

TSSfPKK- 
ATL-8K. 

DATS. 

g| 
J-- 

i 

1 

i 

1 

2 

Sq 

1 

1 

g 

i 

1,.          .          .          . 

6.00 

6.00 

« 

„ 

« 

_ 

_ 

„ 

« 

_ 

1 

58-  1    - 

2 

12.00 

10.70 

- 

- 

- 

- 

- 

- 

- 

- 

60* 

- 

3 

- 

0.60 

- 

- 

- 

- 

- 

1 

- 

- 

- 

- 

4,.        .        .        . 

6.00 

5.60 

9.50 

26.00 

.0080 

.0180 

.0210 

|4.M 

1.8500 

.0010 

69' 

- 

6,. 

6.00 

6.10 

- 

- 

- 

- 

- 

1 

- 

- 

61* 

- 

6,.        .        .        . 

6.00 

5.60 

- 

- 

- 

- 

- 

- 

- 

- 

61' 

- 

7..        .        .        . 

6.00 

6.70 

4.30 

23.00 

.0022 

.0162 

.0184 

3.80 

1.2500 

.0022 

64' 

er 

8..        ;        .        . 

6.00 

5.90 

- 

- 

- 

- 

- 

- 

- 

- 

W 

65* 

9,  . 

12.00 

11.90 

- 

- 

- 

- 

- 

- 

- 

- 

66- 

65- 

10 

- 

0.70 

- 

- 

- 

- 

- 

- 

- 

- 

- 

11 

6.00 

5.60 

8.20 

26.20 

.0042 

.0210 

6.39 

1.0000 

.0020 

|68- 

6r 

12,.        .        .        . 

6.00 

5.80 

- 

- 

- 

- 

- 

- 

- 

- 

65- 

65- 

13 

6.00 

5.90 

- 

- 

- 

- 

- 

-    1 

- 

- 

64* 

64* 

14 

6.00 

6.00 

6.83 

26.00 

.0018 

.0274 

.0202 

5.75  ' 

.7500 

.0009 

65- 

61- 

15 

6.00 

5.50 

- 

- 

- 

- 

- 

- 

- 

65- 

cr 

16 

12.00 

11.70 ' 

- 

- 

- 

- 

- 

-    . 

- 

- 

66* 

- 

17 

- 

O.'O 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

18 

6.00 

5.601 

5.40 

88.20 

.0066 

.0202 

.0268 

7.95 

1.8300 

.0043 

68- 

68- 

19,.        .        .        . 

6.00 

6.00 

- 

- 

- 

- 

- 

- 

- 

- 

68- 

68* 

20 

6.00 

5.50 

- 

- 

- 

- 

- 

- 

- 

- 

70* 

68' 

21,.        .        .        . 

6.00 

5.80 

10.60 

62.00 

.0032 

.0246 

.0278 

24.25 

.7000 

.0022  , 

69- 

ee* 

22,.    ■    .        .        . 

6.00 

6.00 

- 

- 

- 

- 

- 

-    1 

- 

- 

69' 

er 

23 

12.00 

11.60 

- 

-      , 

_ 

- 

- 

- 

- 

- 

73* 

iv 

24,.        .        .        . 

- 

0.60 

- 

- 

- 

- 

- 

- 

- 

- 

- 

25 

6.00 

5.50 

7.10 

33.10 

.0100 

.0222 

•0322 

6.05 

1.4000 

.0029 

71* 

67' 

26 

6.00 

5.10 

- 

- 

- 

- 

- 

- 

- 

- 

«•    cr 

27,.        .        .        . 

6.00 

- 

- 

- 

- 

- 

- 

- 

69*      - 

28 

6.00 

1.80 

12.00 

29.00 

.0042 

.0118 

.0160 

4.90 

1.7600 

.0080 

68*      - 

29,  . 

6.00 

13.00 

- 

- 

- 

- 

- 

- 

_ 

oe- 

61* 

80..        .        .        . 

12.00 

11.80 

- 

- 

- 

- 

- 

- 

- 

67- 

«y' 

Effluent  colorlesa,  generally  nearly  clear  and  nearly  free  from  sediment. 

June  27.  —  Trap  put  on  outlet  pipe.    Outlet  closed  from  5.39 p.m.,  June  26,  to  about  2.25  p.m.,  Juno  29, 
except  for  5  minutes  on  June  29.    June  29.  —  Some  effluent  lost. 
ToUl  effluent  to  end  of  month,  641.04  gallons. 
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Filter  Tank  No.  14  —  Continued. 

July,  18SS. 


1' 

fi 

lEVAPOHATIOK. 

AXXOHIA. 

,       1  Chlorine. 

KiTSOOXK  AS 

Tbupku- 

ATURE. 

I>ATm. 

si 
1-^ 

1 

1 

i 

1 

S 

S 

1 

1 

1 

1 

« 

0.60 

1 

. 

- 

- 

. 

. 

- 

- 

. 

2,.        .        .       . 

6.00 

6.80 

7.80 

26.00 

.0034 

.0238 

.0272 

:.« 

.0500 

.0056 

65' 

66* 

3,.        .        .       . 

0.OO 

6.00 

1           - 
1 

- 

- 

- 

- 

- 

- 

- 

65* 

67^ 

* 

6.00 

6.00 

- 

- 

- 

- 

- 

- 

- 

6i' 

69* 

5,.        .         .        . 

0.00 

6.90 

'  6.80 

29.70 

.0044 

.0230 

.0274 

7.70 

.9000 

.0105 

68* 

71* 

6,.        .         .        . 

6.00 

6.50 

- 

- 

- 

- 

- 

- 

- 

- 

68- 

70* 

•»  •        •        • 

12.00 

10.80 

1 

- 

- 

- 

- 

- 

- 

- 

70- 

72* 

%.        .        .       . 

- 

0.60 

1 

1      ■ 

- 

- 

- 

- 

- 

- 

- 

- 

»,.... 

6.00 

5.60 

I  5.10 

29.00 

.0090 

.0198 

.0288 

7.83 

i.oaoo 

.0200 

eio' 

68* 

^0 

6.00 

5.07 

!   - 

- 

- 

- 

- 

- 

- 

- 

69* 

70* 

11 

6.00 

6.01 

1 
1   ~ 

- 

- 

- 

- 

- 

- 

60« 

75- 

12,.        .        .       . 

6.00 

5.79 

,6.00 

29.20 

.0076 

.0236 

.0312 

7.80 

.9800 

.0100 

69- 

67- 

13..        .        .        . 

6.00 

5.92 

- 

- 

- 

- 

- 

- 

- 

- 

69* 

OS- 

W  

12.00 

11.70 

- 

- 

- 

- 

- 

- 

. 

- 

69- 

es- 

15..        .        .        . 

- 

0.86 

- 

- 

- 

- 

- 

- 

- 

- 

- 

w,.      .      .      . 

6.00 

5.32 

8.00 

84.80 

.0078 

.0250 

.0328 

11.36 

1.1000 

.0040 

69- 

60- 

n,.     .     .     . 

6.00 

6.00 

- 

- 

- 

- 

" 

- 

- 

- 

60- 

67- 

w,.     .     ,     . 

6.00 

5.92 

- 

- 

- 

- 

- 

- 

- 

71- 

67* 

M..       .        .       . 

6.00 

5.90 

8.60 

24.10 

.0040 

.0196 

.0236 

5.12 

1.2200 

.0040 

71- 

ee- 

20 

6.00 

6.04 

- 

- 

- 

- 

- 

- 

- 

- 

70* 

71- 

21..        .        .        . 

12.00 

11.62 

- 

- 

- 

- 

- 

- 

- 

- 

71* 

72- 

22..       .        .        . 

- 

0.59 

- 

- 

- 

_ 

- 

- 

- 

_ 

- 

- 

23 

6.00 

5.00 

8.80 

29.30 

.0210 

.0200 

.0410 

8.56 

1.4300 

.0225 

72- 

72* 

24 

6.00 

5.92 

- 

- 

- 

- 

- 

- 

- 

- 

72* 

- 

25 

6*.  00 

6.73 

- 

- 

- 

_ 

- 

- 

- 

- 

73* 

70' 

M..       .        .       . 

6.00 

6.08 

7.40 

28.90 

.0064 

.0204 

.0268 

5.90 

1.2500 

.0120 

73- 

7f> 

27..       .       .        . 

6.00 

5.90 

- 

- 

- 

- 

•~ 

- 

- 

- 

72- 

28 

12.00 

11.61 

- 

- 

- 

.- 

- 

- 

- 

- 

72- 

66- 

»..-.. 

- 

0.67 

- 

- 

- 

- 

- 

- 

- 

- 

-     ■ 

...... 

6.00 

5.81 

1.40 

26.90 

'   .OOCi 

1 

.0238 

.0802 

6.82 

.9500 

.0200 

71* 

70- 

31,.       . 

6.00 

5.77 

- 

- 

_ 

- 

- 

- 

- 

- 

72- 

- 

r:^- 

Bfflaent  oolorless  and  generally  clear,  or  nearly  bo,  and  free  from  aedlraent. 
Total  efflaent  to  end  of  month,  819.01  gallons. 
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Filter  Tank  No.  14  —  Continued. 


P 

^1 

RK8IDCK  OX 

Evaporation. 

Ammoxia. 

SXTBOOBH  AS 

TKXrKK- 

ATUKK. 

DATS. 

§1 

1 

1 

i^ 

< 

1 

i 

i 
1 

% 

1,. 

0.00 

6.00 

. 

. 

« 

. 

_ 

- 

- 

78* 

IT 

2 

6.00 

5.94 

2.40 

36.80 

.0008 

.0416 

.0424 

6.90 

1.7000 

.0060 

73" 

71* 

8,.        .        .        . 

6.00 

5.98 

- 

- 

- 

- 

- 

- 

- 

- 

78* 

72* 

4 

12.00 

9.65 

- 

- 

- 

- 

- 

- 

- 

- 

74- 

73* 

6 

- 

0.62 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

« 

6.00 

5.53 

3.80 

28.30 

.0238 

.0410 

.0048 

5.10 

1.6000 

.0350 

74* 

71* 

7 

6.0O 

6.97 

- 

- 

- 

- 

- 

- 

- 

- 

72- 

69* 

8,.        .        .        . 

6.00 

6.06 

- 

- 

- 

- 

- 

- 

. 

- 

72- 

69* 

» 

6.00 

5.99 

2.40 

25.00 

.0344 

.0306 

.0650 

5.91 

1.6500 

.0200 

73* 

71* 

10 

6.00 

5.96 

- 

- 

- 

- 

- 

- 

- 

- 

7r 

73* 

11..        .        .        . 

12.00 

11.78 

- 

- 

- 

- 

- 

- 

- 

- 

73- 

69- 

12..        .        .        . 

- 

0.59 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

13 

6.00 

5.62 

3.40 

28.90 

.0336 

.0462 

.0798 

5.41 

1.5600 

.0320 

70- 

66* 

14..        .        .        . 

6.00 

6.07 

- 

- 

- 

- 

- 

- 

- 

- 

- 

67* 

16..        .        .        . 

6.00 

5.99 

- 

- 

- 

- 

- 

- 

- 

- 

68* 

68* 

le..      .       .       . 

6.00 

5.02 

2.20 

32.00 

.0104 

.0320 

.0430 

5.20 

1.4000 

.0080 

69* 

72' 

17 

6.00 

6.94 

- 

- 

- 

- 

- 

- 

- 

- 

70* 

72- 

18..        .        .        . 

12.00 

11.44 

- 

- 

- 

- 

- 

- 

- 

- 

71* 

73* 

19.. 

- 

0.60 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

20 

6.00 

5.61 

6.80 

80.80 

.0424 

.0396 

.0820 

6.52 

1.2500 

.0300 

71- 

- 

21 

6.00 

6.78 

- 

- 

- 

- 

- 

- 

- 

- 

71* 

60* 

22..        .        .        . 

6.00 

6.12 

- 

- 

- 

- 

-  i 

- 

" 

- 

70* 

69* 

23 

9.00 

9.18 

4.40 

1 

26.40 

.0160 

.0254 

.0404 

4.39 

1.4700 

.0240 

70* 

6S* 

24,. 

9.00 

8.87 

1 

1 

- 

- 

- 

- 

- 

- 

- 

70- 

«r 

25,  .        .        .        . 

18.00 

16.41 

1 

1      - 

- 

- 

- 

- 

- 

-. 

- 

70" 

73* 

26 

- 

0.63 

1      - 

- 

- 

- 

- 

- 

1      - 

- 

- 

- 

27 

9.00 

8.45 

;  6.40 

39.40 

.0552 

.0566 

.1118 

12.10 

,1.2500 

.0100 

71* 

72* 

28 

9.00 

8.78 

i 

► 

- 

- 

- 

1      . 

1      - 

- 

70* 

68* 

29,  . 

9.00 

8.48 

1    ■ 

- 

- 

- 

- 

- 

1      - 

- 

69" 

«»• 

30 

9.00 

8.94 

6.90 

54.10 

.1914 

.0234 

.2148 

16.70 

1.2500 

.0100 

70- 

69* 

81,.        .        .        . 

9.00 

9.13 

1 

- 

- 

- 

- 

- 

. 

- 

70- 

71' 

EfflueDt  from  very  Blightly  milky  to  dlatinctly  turbid,  with  very  little  or  no  sediment  and  with  color 
from  0  to  0.2. 

After  August  1  residue  on  evaporation  obtained  with  sodium  carbonate.  August  11.  — Outlet  closed 
1  hour  46  minutes,  to  replace  broken  trap. 

Total  effluent  to  end  of  month.  1,026  64  gallons. 
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Filter  Tank  No.  14  —  Continued. 


»  IMS. 

^1 

P 

9    . 

Si 

RB8ID17B  ON 

Evaporation. 

AmoNiA. 

1 

NlTBOOBir  A8 

Tbmpbb* 

ATCBB. 

DATS. 

^1 

i 

5  1 

1 

|l 

1 

S 

1 

1 

^ 

1,  .          . 

18.00 

17.00 

. 

. 

. 

„ 

„ 

« 

« 

_ 

71- 

72* 

2,.        .        .        . 

- 

0.68 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

3..        .        .        . 

0.00 

8.63 

8.80 

88.6« 

.0520 

.0300 

.0820 

11.04 

.8800 

.0080 

70" 

68* 

4 

9.00 

8.83 

- 

- 

- 

- 

- 

- 

- 

- 

71' 

67* 

*..... 

9.0O 

9.02 

- 

- 

- 

- 

- 

- 

- 

- 

70- 

67* 

6 

0.00 

8.76 

1.10 

37.30 

.0280 

.0212 

.0402 

9.33 

1.3000 

.0060 

68* 

63- 

7 

9.00 

9.02 

- 

- 

- 

- 

- 

- 

- 

- 

68* 

- 

8 

18.00 

17.84 

- 

- 

- 

- 

- 

- 

- 

- 

66* 

62* 

»,.... 

- 

0.67 

- 

- 

- 

_ 

- 

- 

- 

- 

- 

- 

10 

9.00 

8.64 

4.80 

48.40 

.1636 

.0366 

.1892 

16.85 

1.1500 

.0200 

67' 

69- 

11 

9.00 

8.87 

- 

- 

- 

_ 

- 

- 

- 

- 

67- 

68- 

12,.        .        .        . 

9.00 

8.98 

- 

- 

- 

- 

- 

- 

- 

66* 

- 

18 

9.00 

8.96 

4.10 

24.00 

.0800 

.0202 

.1002 

4.04 

1.8600 

.0060 

66* 

6r 

14..        .        .        . 

9.00 

8.96 

- 

- 

- 

- 

- 

- 

- 

- 

64* 

65» 

15 

18.00 

17.36 

- 

- 

- 

- 

- 

- 

- 

- 

64* 

«• 

w».      .      .      . 

- 

0.68 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

n».     .     .     . 

9.00 

8.60 

3.70 

35.30 

.1200 

.0428 

.1628 

11.45 

.7000 

.0300 

66- 

67* 

w,.     .     .     . 

9.00 

8.57 

- 

- 

- 

- 

- 

1 

- 

- 

66* 

- 

w..     .     .     . 

9.00 

9.00 

- 

- 

- 

- 

- 

- 

- 

64- 

68- 

» 

9.00 

9.08 

2.80 

29.50 

.0200 

.0230 

.0480 

6.10 

.6600 

.0010 

64* 

62* 

M,.       .       .       . 

9.00 

8.83 

- 

7 

- 

- 

- 

. 

- 

- 

63* 

62* 

tt..    .    .    . 

18.00 

17.83 

- 

- 

- 

- 

- 

- 

- 

- 

61* 

61* 

23 

- 

0.62 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

2* 

9.00 

8.67 

2.50 

26.10 

.0140 

.0260 

.0400 

4.78 

1.0000 

.0060 

68' 

61* 

25 

9.00 

8.93 

- 

- 

- 

- 

- 

- 

- 

- 

68* 

60* 

28,.       .       .       . 

9.00 

8.74 

- 

. 

- 

- 

- 

- 

-      1 

68- 

68* 

2T 

9.00 

9.13 

0.70 

21.30 

.0080 

.0240 

.0320 

2.76 

1.0000 

.0060 

68* 

61* 

28 

9.00 

8.99 

- 

- 

- 

- 

- 

- 

- 

- 

67* 

- 

...... 

18.00 

17.16 

- 

- 

- 

- 

- 

~ 

- 

- 

66- 

56- 

«o 

- 

0.67 

- 

- 

- 

- 

- 

- 

- 

- 

Effluent  colorless,  free  from  Bedlment  and  neftrly  clear. 

September  16.—  Some  effluent  lost.  September  21.  —  After  eewage  applied,  air  from  witbin  forced 
the  efflaent  oot  In  JeU  at  short  intervals  for  three  minutes,  when  all  flow  ceased.  After  eight  minutes 
tbs  flow  was  as  usnaJ.    September  26.  —  Hole  drilled  in  middle  of  side  of  Unk. 

Total  effluent  to  end  of  month,  1,294.11  gallons. 


Digitized  by 


Google 


220 


FILTRATION  OF  SEWAGE. 


FUter  Tank  No.  14  —  Continued. 

O««oh«r,  18SS. 


Rksidck  ON 

EVAPORATLOV. 

AUMOVEA. 

1 
1 

XITB04IX  A« 

Dat«. 

i 

1 

t 

< 

a 

i 
1 

S 

m 

1 

s 

1 

9.00 

8.60 

3.40 

40.80 

.0510 

.0284 

.0704 

11.95 

1.1700 

.0070 

68* 

- 

2..        .        .        . 

9.00 

8.72 

- 

. 

- 

- 

- 

- 

- 

- 

63" 

- 

8,. 

9.00 

8.98 

- 

- 

- 

- 

- 

- 

- 

- 

61* 

Mf 

4 

9.00 

9.06 

2.10 

29.70 

.0100 

.0220 

.0320 

5.74 

1.0800 

.0030 

W 

56- 

ft 

9.00 

8.97 

- 

- 

- 

- 

- 

- 

- 

- 

50" 

SS* 

e 

18.00 

17.71 

- 

- 

- 

- 

- 

- 

- 

- 

50* 

- 

7,. 

- 

0.70 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

8 

9.00 

8.42 

3.70 

35.70 

.0200 

.0250 

.0450 

10.45 

.8000 

.0100 

sa- 

55' 

» 

9.00 

8.86 

- 

- 

- 

- 

- 

- 

- 

- 

51- 

- 

10..        .        .        . 

9.00 

8.70 

- 

- 

- 

- 

- 

- 

- 

- 

4sr 

53* 

11...       .        .        . 

9.00 

8.86 

2.60 

28.30 

.0224 

.0208 

.0432 

6.45 

1.2000 

.0010 

48* 

M* 

12,.        .        .        . 

9.00 

9.02 

- 

-- 

- 

- 

- 

- 

- 

- 

4r 

55* 

18.  .        .        .        . 

18.00 

17.66 

- 

- 

- 

- 

- 

- 

- 

- 

47* 

- 

14 

- 

0.62 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

15 

9.00 

8.50 

8.50 

26.10 

.0004 

.0218 

.0312 

4.90 

1.0000 

.0022 

47* 

54* 

16,. 

9.00 

9.00 

- 

- 

- 

- 

- 

- 

- 

- 

47* 

55* 

17 

9.00 

8.96 

- 

- 

- 

- 

- 

- 

- 

- 

48* 

55* 

18 

9.00 

8.92 

1.10 

29.60 

.0036 

.0094 

.0130 

4.70 

1.2700 

.0022 

4r 

56* 

10 

9.00 

8.89 

- 

- 

- 

- 

- 

- 

- 

- 

iBT 

W 

20 

21 

18.00 

17.29 
1.10 

- 

: 

- 

: 

: 

- 

: 

- 

47* 

- 

22 

9.00 

8.05 

2.10 

19.50 

.0018 

.0204 

.0222 

4.62 

.6800 

.0016 

45* 

ss* 

23,.        .        .        . 

9.00 

8.96 

- 

- 

- 

- 

- 

- 

- 

- 

45^ 

55- 

24 

9.00 

8.81 

- 

- 

- 

- 

- 

- 

- 

- 

45" 

56" 

25 

9.00 

9.06 

2.60 

20.90 

.0018 

.0292 

.0310 

8.82 

1.2000 

.0U06 

45" 

55* 

28 

9.00 

9.00 

- 

- 

- 

- 

- 

- 

. 

- 

45* 

- 

27 

18.00 

17.90 

- 

- 

- 

- 

- 

- 

- 

- 

46" 

55' 

28 

- 

0.70 

- 

- 

- 

- 

- 

- 

- 

- 

- 

29 

9.00 

8.39 

3.00 

87.20 

.0076 

.0252 

.0328 

13.92 

.7000 

.0030 

46* 

6o' 

30,.        .        .        . 

9.00 

8.91 

- 

- 

- 

- 

- 

- 

- 

- 

46* 

56* 

31 

9.00 

8.96 

- 

- 

- 

- 

- 

- 

- 

- 

45- 

66* 

EflSaent  generally  nearly  clear  and  free  from  aedlment,  and  with  color  from  0  to  0.1. 

October  5.  —  Faacet  put  In  aide  of  tank  midway.  October  10.  —  Fanceta  pat  In  one-quarter,  three- 
quarters,  and  seven-elghths  way  down,  and  eight  inches  from  bottom.  liosulta  of  obaerratlona  on  samples, 
from  side  of  tank  and  on  series  of  samples  of  regular  effluent  given  In  the  text. 

Total  effluent  to  end  of  month,  1,570.48  gallons. 
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Filter  Tank  No.  I^— Continued. 

HoTMBber,  18SS.        * 


ii 

Ii 

15 

KK8IDDI  OK 
EVAPOBATION. 

Ammonia. 

j 

KlTBOOBN  AB 

Tbmpkk- 

ATURS. 

Date. 

% 
& 

1 

|l 

1 

S^ 

1 

1 

1 

1..       . 

9.00 

8.05 

2.80 

30.60 

.0036 

.0230 

.0266 

6.85 

1.2500 

.0012 

47- 

59* 

2..      . 

9.00 

9.01 

- 

- 

- 

- 

- 

- 

- 

46* 

50* 

8,.       . 

18.00 

17.72 

- 

- 

- 

- 

- 

- 

- 

- 

48* 

or 

4..       . 

- 

0.68 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

5..       . 

9.00 

8.48 

1.00 

29.10 

.0072 

.0189 

.0260 

6.03 

.8500 

.0012 

48* 

68- 

6,.       . 

9.00 

9.00 

- 

- 

- 

, 

- 

- 

- 

49- 

57* 

T,.       . 

9.00 

8.83 

- 

. 

- 

- 

- 

- 

- 

- 

60* 

56* 

8,.       . 

9.00 

9.01 

2.90 

40.10 

.0026 

.0200 

.0226 

10.73 

1.3000 

.0016 

49* 

53* 

9.* 

9.00 

8.97 

- 

- 

- 

_ 

- 

- 

- 

49- 

56* 

w,. 

18.00 

17.64 

- 

- 

- 

- 

- 

- 

- 

- 

48* 

54* 

11,. 

- 

0.61 

- 

- 

- 

. 

- 

- 

- 

- 

- 

- 

12,. 

9.00 

8.32 

2.10 

29.70 

.0010 

.0222 

.0232 

8.50 

.6700 

.0024 

46* 

62* 

18.. 

9.00 

8.84 

- 

- 

- 

- 

- 

- 

- 

- 

43* 

61* 

u,. 

9.00 

9.06 

- 

- 

- 

- 

- 

- 

- 

- 

43* 

58* 

15,. 

9.00 

8.94 

2.20 

28.20 

.0136 

.0182 

.0318 

5.00 

1.3000 

.0012 

42* 

52* 

1«,. 

9.00 

8.84 

- 

- 

- 

- 

- 

- 

- 

- 

42* 

53- 

17,. 

18.00 

17.55 

- 

- 

- 

- 

- 

- 

- 

- 

42- 

61* 

18,. 

- 

0.7S 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

19,, 

9.00 

8.41 

2.40 

29.90 

.0032 

.0182 

.0214 

14:90 

.7500 

.0026 

40- 

49* 

tt,. 

9.00 

8.64 

- 

- 

- 

- 

- 

- 

- 

- 

40- 

48* 

«!,. 

9.00 

9.14 

- 

- 

- 

- 

- 

- 

- 

- 

38« 

45- 

n,. 

9.00 

8.80 

2.40 

26.00 

.0006 

.0160 

.0166 

8.87 

1.1000 

.0007 

46* 

45* 

a,. 

9.00 

9.02 

- 

- 

- 

- 

- 

- 

- 

- 

44* 

43* 

w,. 

18.00 

17.62 

- 

- 

- 

- 

- 

- 

- 

- 

45' 

45* 

25.. 

- 

0.75 

- 

- 

- 

.. 

- 

- 

.■ 

- 

- 

- 

».. 

9.00 

8.42 

1.90 

24.90 

.0042 

.0158 

.0200 

4.34 

.8000 

.0024 

45* 

46- 

27,. 

9.00 

0.01 

- 

- 

- 

- 

- 

- 

- 

45- 

46* 

28. . 

9.00 

8.71 

- 

- 

- 

~ 

. 

- 

- 

44- 

51* 

29,, 

„ 

^ 

„ 

_ 

. 

_ 

. 

_ 

_ 

_ 

^ 

^ 

30,, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Kfflaent  nearly  clear  with  very  little  or  no  Bodiment,  and  with  color  leas  than  0.1. 

KoTvmber  1.  — Aaplrator  attached  to  cock  4  feet  below  top  of  tank  October  18,  remoTed.  KoTem. 
ber  2ft.  ^It  reqaired  25  minntea  for  the  tank  to  take  the  applied  sewage.  Effluent  running  more  alowly 
Gonial.  November  28.— OuUetcloaed  at  8.56  P.M.    River  high. 

Toul  effloent  to  end  of  month,  1,820.08  gallons. 
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FiUer  Tank  No.  14—  Continaed. 

Oetohw,  18SS. 


P 

Rksiddi  oh 

EVArOBATIOM. 

Amxosxa. 

1 

NiTBOOBV  AB 

Tkmpbb- 

ATUKB. 

DATS. 

i 

1 

1 

-•1 

1 

S 

S 

1 

1 

1 

9.00 

8.60 

3.40 

40.30 

.0610 

.0284 

.0794 

11.95 

1.1700 

.0070 

63- 

- 

2,.        .        .        . 

9.00 

8.72 

- 

- 

- 

- 

- 

- 

- 

- 

vir 

- 

8,.        .        .        . 

0.00 

8.96 

- 

- 

- 

- 

- 

- 

- 

- 

61* 

56* 

* 

9.00 

9.06 

2.10 

29.70 

.0100 

.0220 

.0890 

6.74 

1.0800 

.0030 

60- 

ee* 

6,.        .        .        . 

9.00 

8.97 

- 

- 

- 

- 

- 

- 

- 

- 

60" 

68* 

e 

18.00 

17.71 

- 

- 

- 

- 

- 

- 

- 

- 

60* 

- 

7, . 

- 

0.79 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

8..        .        .        . 

9.00 

8.42 

3.70 

36.70 

.0200 

.0260 

.0450 

10.46 

.8000 

.0100 

ar 

56* 

• 

9.00 

8.86 

- 

- 

- 

- 

- 

- 

- 

- 

61* 

- 

10 

9.00 

8.70 

- 

- 

- 

- 

- 

- 

- 

- 

49* 

63* 

11,..     . 

9.00 

8.86 

2.60 

28.30 

.0224 

.0208 

.0432 

6.46 

l.SOOO 

.0010 

49* 

64* 

12 

9.00 

9.02 

- 

-- 

- 

- 

- 

- 

- 

- 

4r 

65* 

33.  .        .        .        . 

18.00 

17.66 

- 

- 

- 

- 

- 

- 

- 

- 

47- 

- 

14,.        .        .        . 

- 

0.62 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

15 

9.00 

8.60 

8.60 

26.10 

.0091 

.0218 

.0312 

4.00 

1.0000 

.0022 

47- 

64* 

16,.        .        .        . 

9.00 

9.00 

- 

- 

- 

- 

- 

- 

- 

- 

47* 

65* 

17,.        .        .        . 

9.00 

8.96 

- 

- 

. 

- 

- 

- 

- 

- 

48- 

65* 

18,.        .       . 

9.00 

8.92 

1.10 

29.60 

.0036 

.0094 

.0130 

4.70 

1.2700 

.0022 

AT 

66* 

19,.        .        .        . 

9.00 

8.80 

- 

- 

- 

- 

- 

- 

- 

- 

46* 

64* 

20 

18.00 

17.20 

- 

- 

- 

- 

- 

- 

- 

- 

4r 

21 

- 

1.10 

- 

- 

- 

- 

- 

- 

- 

- 

- 

22 

9.00 

8.06 

2.10 

19.60 

.0018 

.0204 

.0222 

4.62  1 

.6800 

.0016 

46* 

53* 

23 

9.00 

8.96 

- 

- 

- 

- 

- 

- 

- 

45* 

55* 

24 

9.00 

8.81 

- 

- 

- 

- 

- 

- 

. 

- 

46* 

65* 

25,.        .        .        . 

9.00 

9.06 

2.60 

20.90  ' 

.0018 

.0292 

.0310 

8.82 

1.2000 

.0006 

46* 

65* 

26 

9.00 

9.00 

- 

- 

- 

- 

- 

- 

- 

- 

46* 

- 

27,. 

18.00 

17.90 

- 

- 

- 

- 

- 

- 

- 

- 

46* 

55* 

28 

- 

0.70 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

29 

9.00 

8.30 

3.90 

37.20 

.0076 

.0262 

.0328 

13.92 

.7000 

.0030 

46* 

55* 

30 

9.00 

8.91 

- 

- 

- 

- 

- 

- 

- 

- 

46* 

65* 

81 

9.00 

8.96 

- 

- 

- 

- 

- 

- 

- 

46* 

66* 

UtHuent  generally  nearly  clear  and  free  from  Bedlment,  and  with  color  from  0  to  0.1. 

October  6.  —  Faacet  put  In  side  of  tank  midway.  October  10.  —  Faucets  pat  In  one-qnarter,  three- 
qnartera,  and  seven-eighths  way  down,  and  eight  Inches  from  bottom.  Kosults  of  observationa  on  sample*, 
from  side  of  tank  and  on  series  of  samples  of  regular  efflnent  given  In  the  text. 

ToUl  effluent  to  end  of  month,  1,670.48  gallons. 
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Filter  Tank  No.  14  —  Continued. 


15 

AmtoKiA. 

1 

XlTBOOKH  A* 

Tekper- 

ATCU. 

Date. 

i 

1 

1 

,1 

1 

'A 

1 

1 

1 

1..       .       .        . 

9.00 

8.05 

2.80 

30.60 

.0036 

.0230 

.0266 

6.85 

1.2500 

.0012 

47- 

50* 

2 

9.00 

9.01 

- 

- 

- 

- 

- 

- 

- 

- 

46* 

50* 

8,.       .       .        . 

18.00 

17.72 

- 

- 

- 

- 

- 

- 

- 

- 

48* 

61* 

4 

- 

0.68 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

5,.       .        .        . 

9.00 

8.48 

1.60 

29.10 

.0072 

.0188 

.0260 

6.03 

.8500 

.0012 

48* 

68* 

e,.     .      .      . 

9.00 

9.00 

- 

- 

- 

- 

- 

- 

- 

- 

49* 

6r 

T 

9.00 

8.83 

- 

- 

- 

- 

- 

- 

- 

- 

50* 

56- 

8 

9.00 

9.01 

2.90 

40.10 

.0026 

.0200 

.0226 

10.73 

1.3000 

.0016 

49« 

63* 

9 

9.00 

8.97 

- 

- 

- 

- 

- 

- 

- 

- 

49* 

56- 

10 

18.00 

17.64 

- 

- 

- 

- 

- 

- 

- 

- 

48* 

54* 

n 

- 

0.61 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

12,.       .        .        . 

9.00 

8.32 

2.10 

29.70 

.0010 

.0222 

.0232 

8.50 

.6700 

.0024 

45« 

62- 

la,.       .        .        . 

9.00 

8.84 

- 

' 

- 

- 

- 

- 

- 

- 

43- 

61* 

M 

9.00 

9.06 

- 

- 

- 

- 

- 

- 

- 

43* 

63' 

15 

0.00 

8.94 

2.20 

28.20 

.0136 

.0182 

.0318 

5.00 

1.3000 

.0012 

42* 

52» 

16..       .        .        . 

9.00 

8.84 

- 

- 

- 

- 

- 

- 

- 

42* 

53* 

17,.       .        . 

18.00 

17.55 

- 

- 

- 

- 

- 

"* 

- 

- 

42* 

61* 

18,.       .        .        . 

- 

0.73 

- 

- 

- 

- 

- 

- 

- 

- 

- 

M..       .        .        . 

9.00 

8.41 

2.40 

29.90 

.0032 

.0182 

.0214 

14;90 

.7500 

.0026 

40* 

49* 

»,.... 

9.00 

8.64 

- 

- 

- 

- 

- 

- 

- 

40- 

48- 

n 

9.00 

0.14 

- 

- 

- 

- 

- 

- 

- 

38' 

45* 

«i..     .      .     . 

9.00 

8.80 

2.40 

26.00 

.0006 

.0160 

.0156 

3.87 

1.1000 

.0007 

45* 

46* 

...... 

9.00 

9.02 

- 

- 

- 

- 

- 

- 

- 

- 

44« 

43* 

2* 

18.00 

17.52 

- 

- 

- 

- 

- 

- 

- 

- 

45- 

45* 

23..       .       .       . 

- 

0.75 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

28 

9.00 

8.42 

1.90 

24.90 

.0042 

.0158 

.0200 

4.34 

.8000 

.0024 

45* 

46* 

27,.       . 

9.00 

9.01 

- 

- 

- 

- 

- 

- 

- 

45* 

46- 

».-... 

9.00 

8.71 

- 

- 

- 

- 

- 

- 

- 

- 

44- 

51- 

...... 

_ 

« 

« 

„ 

_ 

_ 

_ 

^ 

_ 

« 

« 

_ 

...... 

- 

- 

- 

- 

- 

- 

- 

- 

■ 

- 

- 

- 

Kfflaent  nearly  clear  with  very  little  or  no  aodiment,  and  with  color  less  than  0.1. 

November  1.  — Aspirator  attached  to  cock  4  feet  below  top  of  tank  October  18,  remored.  NoTem. 
^'26.  —  It  reqnlred  25  minatea  for  the  tank  to  take  the  applied  sewage.  Effluent  running  more  slowly 
Gonial.    November  28.  — Outlet  closed  at  8.56 P.M.    River  high. 

Toul  effluent  to  end  of  month,  1,820.08  gallons. 
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Filter  Tank  No,  14  —  Continued. 

]>e«emb«r,  1888. 


U 

P 

RUIDUB  OK 
EVAPOKATION. 

AmfOHXA. 

i 

KXTBOOBV  AS 

Texpbk- 

ATris 

DATS. 

i 

1 

1 

^* 

» 

i 
s 

1 

1,. 

18.00 

18.27 

1.80 

18.70 

.0010 

.0148 

.0158 

3.49 

.7500 

1 
.0014 

44- 

43* 

2,.        .        .        . 

- 

0.75 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

s 

9.00 

8.64 

2.50 

18.40 

.0288 

.0264 

.0502 

4.04 

1.0000 

.0006 

1*** 

42* 

4,.        .        .        . 

9.00 

8.93 

- 

- 

- 

- 

- 

- 

- 

- 

'45- 

4S* 

6 

9.00 

9.07 

- 

- 

- 

- 

- 

- 

- 

- 

44' 

42- 

« 

9.00 

8.92 

1.90 

27.40 

.0186 

.0174 

.0360 

4.70 

.8500 

.0008 

46* 

44' 

7 

9.00 

9.13 

- 

- 

- 

- 

- 

- 

- 

- 

45- 

4T 

8,.        .        .        . 

18.00 

17. S9 

- 

- 

- 

- 

- 

- 

- 

- 

45* 

43- 

9 

- 

o.n 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

10..        .        .        . 

9.00 

8.17 

1.20 

28.40 

.0372 

.0170 

.0542 

4.70 

.6000 

.0060 

46- 

43- 

11 

9.00 

8.03 

- 

- 

- 

- 

- 

- 

- 

- 

45" 

42- 

12..        .        .        . 

9.00 

8.90 

- 

- 

- 

- 

- 

- 

- 

- 

44* 

41* 

13..        .        .        . 

9.00 

8.82 

2.60 

25.60 

.0140 

.0170 

.0810 

4.15 

.7000 

.0002 

44' 

39^ 

14,.        .        .        . 

9.00 

8.82 

- 

- 

- 

- 

- 

- 

- 

- 

46' 

sr 

15 

18.00 

18.72 

- 

•  - 

- 

- 

- 

- 

- 

- 

46' 

36* 

16..        .        .        . 

- 

0.85 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

IT 

9.00 

8.60 

1.40 

22.30 

.0388 

.0208 

.0506 

3.05 

.5500 

.0020 

41' 

48- 

18..        .        .        . 

9.00 

6.65 

- 

- 

- 

- 

- 

- 

- 

- 

45' 

- 

19 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

20..        .        .        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

21 

- 

2.63 

- 

- 

- 

- 

- 

- 

- 

- 

- 

sc- 

22..        .        .        . 

IS.OO 

16.97 

- 

- 

- 

- 

- 

- 

- 

- 

45* 

- 

23 

- 

0.81 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

24 

9.00 

8.24 

1.80 

24.20 

.0152 

.0202 

.0354 

4.01 

.7000 

.0008 

42* 

43- 

2S..        .        .        . 

9.00 

9.02 

- 

- 

- 

- 

- 

- 

- 

45" 

- 

20,.        .        .        . 

9.00 

8.72 

- 

- 

- 

- 

- 

- 

- 

- 

45' 

4r 

27 

9.00 

8.98 

1.80 

25.00 

.0040 

.0152 

.0102 

4.00 

.7000 

.0000 

46" 

49' 

28..        .        .        . 

9.00 

8.92 

- 

- 

- 

- 

- 

- 

- 

- 

45' 

4r 

29,.        .        .        . 

18.00 

16.69 

- 

- 

- 

- 

. 

- 

- 

- 

45- 

4r 

80 

- 

0.79 

- 

- 

- 

_ 

- 

- 

- 

- 

^ 

- 

" 1 

9.00 

8.33 

1.40 

26.20 

.0360 

.0164 

.0524 

3.88 

.5900 

.0014 

45- 

- 

Effluent  nearly  clear  with  very  liUle  or  no  sediment,  and  with  color  leu  than  0.1. 

December  1.  —  Outlet  opened  at  8.10  a.x.  Effluent  running  slowly  aud  39  minutes  was  required  for 
tank  to  take  sewage  applied ;  December  8. 2  hours  6  minutes  required.  December  14. —  Outlet  thawed  ont 
nt  3  20 P.M. ;  December  15,  at  8.24  A.u ;  December  IS,  3.40  p.x..  to  December  21 ,  2.01  p.x.  Outlet  cloai  d. 
RUor  high.    December  18  and  29.  —  Some  effluent  lost.    December  31.  —  No  manganese  in  sample. 

Total  effluent  to  end  of  month,  2.070.61  gallons. 
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Filter  Tank  No.  14  —  Continued. 


So 
a  4 
0^ 

1^ 

Rksidub  on 
evapobation. 

AXMOHIA. 

1 

MiTBOGEH  AS 

Tkupbr- 

ATUU. 

Dxn. 

i 

£ 

1 

< 

1 

1 

1 

1 

1 

9.00 

SM 

. 

- 

. 

_ 

» 

- 

. 

. 

45- 

47- 

2,.        .       .        . 

9.00 

8.86 

- 

- 

- 

- 

- 

-. 

- 

45' 

47* 

3..        .        .        . 

9.00 

8.87 

1.80 

32.90 

.0168 

.0164 

.0332 

8.71 

.7000 

.0003 

45* 

45' 

' 

9.00 

9.02 

- 

- 

- 

- 

- 

» ^ 

- 

- 

45' 

44' 

s 

IS.OO 

17.67 

- 

- 

- 

- 

- 

- 

- 

- 

45* 

48* 

6..        .        .        . 

- 

.84 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

' 

9.00 

8.29 

1.60 

25.10 

.0008 

.0180 

.0188 

4.50 

.4000 

.0002 

45' 

43* 

8,. 

9.00 

8.76 

- 

- 

- 

- 

- 

- 

- 

- 

45* 

45' 



9.00 

6.78 

- 

- 

- 

- 

- 

- 

- 

- 

45' 

45* 

H.-      .        .        . 

9.00 

0.04 

1.40 

25.00 

.0012 

.0166 

.0178 

3.91 

.6600 

.0008 

45- 

47* 

11 

9.00 

9.00 

- 

- 

- 

- 

- 

- 

- 

45' 

46* 

U8,.       ,        .       . 

18.00 

17.67 

- 

- 

- 

- 

- 

- 

- 

- 

44' 

44' 

13 

- 

.89 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

U,.       .        .        . 

9.00 

8.89 

2.30 

30.00 

.0104 

.0136 

.0240 

7.25 

.6000 

.0008 

44- 

43' 

15..       .        .        . 

9.00 

8.92 

- 

- 

- 

- 

- 

- 

- 

- 

«. 

44* 

!«..... 

9.00 

8.95 

- 

- 

- 

- 

- 

- 

- 

- 

44' 

43- 

17 

9.00 

8.70 

2.80 

27.20 

.0022 

.0166 

.0188 

5.60 

.6000 

.0024 

46* 

47' 

IS..       .        .        . 

9.00 

9.12 

- 

- 

- 

- 

- 

- 

- 

- 

45' 

48' 

M 

18.00 

17.60 

- 

- 

'- 

- 

- 

- 

- 

- 

44' 

45" 

» 

- 

.89 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

21..        .        .        . 

9.00 

8.09 

2.00 

23.10 

.0030 

.0114 

.0144 

3.95 

.8300 

.0050 

44' 

42- 

22 

9.00 

8.70 

- 

- 

- 

- 

- 

- 

- 

44' 

42* 

23..       .        .        . 

9.00 

8.72 

- 

- 

- 

- 

- 

- 

- 

|46' 

44* 

24 

9.00 

9.05 

2.50 

25.60 

.0060 

.0132 

.0192 

4.00 

1.0000 

.0020 

1    - 

45* 

2* 

1   9.00 

8.84 

- 

- 

- 

- 

- 

- 

- 

- 

44' 

46* 

M 

1    0.00 

8.51 

- 

- 

- 

- 

- 

- 

- 

- 

44' 

46* 

27 

1      - 

1.06 

■      - 

- 

- 

- 

- 

- 

- 

- 

1 

- 

28..       .        .        . 

1   0.00 

7.89 

;  2.60 

26.30 

.0178 

.0136 

.G814 

4.00 

.6000 

.0200 

44' 

47* 

» 

0.00 

8.36 

1  . 

1 

- 

- 

- 

- 

- 

- 

- 

45' 

46* 

80,.       .        .        . 

9.00 

9.01 

1 
1    " 

- 

- 

- 

- 

- 

- 

- 

1  46' 

42* 

81 

9.00 

I 

10.07 

2.50 

22.70 

.1280 

.0410 

.1690 

8.98 

.4200 

.0080 

44' 

1 

- 

Sfflnent  generaHy  clear,  or  nearly  bo.  with  very  little  or  no  sediment,  and  with  color  leea  than  0.1. 
January  SO. — Some  effluent  lost.    January  31.  —  8arface  levelled.    January  21  to  80. — Surface  con- 
tiunaliy  covered  with  eewage. 
Total  effluent  to  end  of  month,  2.880.18  galloni. 
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Filter  Tank  No.  14  —  Continued. 


p 

RR8IDUK  OK 

Evaporation. 

Akmonia. 

1 

KXTBOOBN  A8 

TBKPnt- 

ATUBB. 

I>ATB. 

it 

fa 

1 

1" 

1 

S 

8 

1 

1 

I 

1,.           .           .           . 

9.00 

9.04 

_ 

« 

« 

_ 

. 

« 

« 

_ 

'  46*  I  44* 

2 

18.00 

17.71 

- 

- 

- 

- 

- 

- 

- 

- 

1   44'     43* 

8 

- 

.80 

- 

- 

- 

- 

- 

- 

- 

- 

1 

4,.        .        .        . 

9.00 

8.46 

2.10 

20.30 

.1400 

.0240 

.1640 

3.83 

.6000 

.0170 

44-  j  42- 

h 

9.00 

9.0d 

- 

- 

- 

- 

- 

- 

- 

- 

46- 

43r 

e 

9.00 

8.96 

- 

- 

- 

- 

- 

- 

- 

- 

44* 

45* 

7,. 

9.00 

8.90 

2.90 

23.10 

.0280 

.0320 

.0600 

4.76 

.7000 

.0026 

45* 

41* 

8,.        .        .        . 

9.00 

8.96 

- 

- 

- 

- 

- 

- 

- 

- 

44- 

SB- 

9,. 

18.00 

17.80 

- 

- 

- 

- 

- 

- 

- 

- 

46* 

41' 

10 

- 

.76 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

11,.        .        .        . 

9.00 

8.42 

1.80 

24.10 

.0760 

.0260 

.1020 

6.08 

.6000 

.0070 

4r 

- 

12 

9.00 

9.08 

- 

- 

- 

- 

- 

- 

- 

- 

46" 

43r 

13 

9.00 

8.95 

2.00 

13.60 

.0114 

.0164 

.0268 

1.20 

.5000 

.0028 

46' 

44* 

14..        .        .        . 

9.00 

9.05 

1.40 

9.20 

.0056 

.0122 

.0178 

.60 

.3500 

.0010 

46* 

44- 

16,.        .        .        . 

9.00 

9.00 

- 

- 

- 

- 

_ 

- 

- 

46- 

45- 

16 

18.00 

17.73 

- 

- 

- 

- 

- 

- 

- 

45* 

46- 

17..        .        .        . 

- 

.74 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

18 

9.00 

8.46 

1.20 

7.00 

.0012 

.0090 

.0108 

.23 

.3000 

.0008 

46" 

43* 

W 

9.00 

8.95 

- 

- 

- 

- 

- 

- 

- 

- 

45* 

44' 

20 

9.00 

8.93 

- 

- 

- 

- 

- 

- 

- 

- 

46* 

42" 

21 

9.00 

8.02 

1.00 

7.00 

.0002 

.0192 

.0194 

.44 

.3200 

.0002  ' 

46* 

42' 

22..        .        .        . 

9.00 

9.11 

- 

- 

- 

- 

- 

- 

- 

- 

46* 

43* 

23 

18.00 

17.80 

- 

- 

- 

- 

- 

- 

- 

- 

46* 

42" 

24..        .        .        . 

- 

.84 

- 

- 

- 

- 

- 

- 

- 

-      1 

- 

- 

26..        .        .        . 

9.00 

8.42 

2.50 

19.60 

.0182 

.0168 

.0300 

3.83 

.6000 

.0010 

45* 

40" 

26..        .        .        . 

9.00 

6.62 

- 

- 

- 

- 

- 

- 

- 

- 

46" 

42- 

27..        .        .        . 

9.00 

9.98 

- 

- 

- 

- 

- 

- 

- 

- 

45* 

iV 

28 

9.00 

8.12 

3.00 

21.90 

.0042 

.0174 

.0216 

3.80 

1.0000 

.0030  , 

46- 

44' 

EfElaent  nearly  clear  and  generally  free  from  ■ediment.  and  with  color  less  than  0.1. 

February  11  to  20.  — City  water  applied  instead  of  sewage.  Febniary  21.  — Borne  effluent  loit. 
Cover  with  mercury  seal  put  on  tank.  Did  not  exclude  air  al  fint*  owing  to  a  leak.  Sewage  to  be 
applied  through  a  funnel  with  a  stop  cock  in  top  of  cover. 

Total  effluent  to  end  of  month,  2,684.26  gallons. 
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Filter  Tank  No.  2^  —  Continued. 


i 

a 

ii 

Kksiduk  ox 
Evaporation. 

iMUOXIA. 

1 

i 

1    NiTBOGSN  AS 
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u 

'.1 

1  ;5 

t 

3 

2 

"i 
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>5 

1 

g 

o 

1 

1,. 

9.00 

8.34 

_ 

„ 

„ 

44*      W 

2,. 

9.00 

9.05 

- 

- 

-          ,        _ 

- 

-    ! 

35' 

- 

3,. 

.    - 

.94 

-  1    - 

I 

- 

-  '[  - 

- 

"    1 

- 

- 

4.. 

.   «.oo 

8.08 

'  2.80  '  21.90       .0840 

.0550 

.1390  1  4.27 

.3200 

.0250 

35- 

4«* 

5,. 

.     9.00 

9.65         -    1      - 

- 

-    !    - 

- 

- 

36- 

46* 

6.. 

9.00 

8.52 

;  -  1  - 

1       - 

- 

"    1    ■ 

- 

- 

35" 

43* 

7,. 

9.00 

8.72  '  5.80  '  17.30 

.2640 

.1080 

.3720  1  2.77 

1 

1  .0150 

.0000 

1 

35' 

43* 

s.. 

9.00 

9.W 

~  1  ~ 

- 

-      1'      - 

,      - 

W 

44- 

^>- 

9.00 

7.86 

1 

- 

■!!- 

.6340     2.93 

1      - 

-    1 

33* 

41* 

10.. 

- 

1.31 

1 
i  - 

1 

17.80        .5800 

- 

1      - 

-    1 

- 

- 

11.. 

9.00 

8.06 

3.00 

.0540 

1   .0050 

.0025  1 

33" 

43' 

12.. 

la.. 

9.00 
9.00 

8.42 
9.14 

1      . 

1 

_ 

- 

1 

: 

- 

1 

33- 
35* 

43* 
43* 

14,.        . 

9.00 

9.08 

2.80 

19.90  j    .9000 

.0790 

.9790 

3.65 

.0250 
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36' 

46- 

15,.        . 

9.00 

7.73 

- 

-       I 

~ 

- 
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- 

- 
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16,.        . 

9.00 
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- 
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- 
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- 
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- 

- 
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9.00 
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4.00 

19.60 
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1.3780 

3.62 

.0150 
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SC 

43* 

1»..       . 

9.00 

8.72 

- 

1 
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- 

- 

37' 
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8.89 

- 

I 

- 

- 

- 

- 

- 

- 
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9.00 
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- 

- 
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- 
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- 
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9.00 
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3.70 

21.70 
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1.2460 

8.66 
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.0010 

41* 

AV 

2«.. 

9.00 

10.06 

- 

- 

- 

- 

- 

- 

- 

- 

isr 

"I . 

4.80 

6.19 

- 

- 

- 

- 

" 

- 

- 

- 

41' 

4«* 

28.. 

3.00 

2.44 

5.40 

29.50 

1.6200 

.1010 

1.6210 

6.95 

.0060 

.0008 

41- 

4r 

2».. 

3.00 

2.45 

- 

- 

- 

- 

- 

89* 

4r 

80,. 

- 

2.28 

.  ;   . 

- 

- 

- 

" 

- 

- 

- 

46* 

31.. 

- 

.57 

_ 

- 

- 

- 

1 

- 

- 

- 

- 

BfBaent  decidedly  turbid,  nearly  free  from  sediment,  and  with  color  averaging  0.14. 

March  1. —Tank  made  tight  to  exclude  ulr.  March  15  and  26.  —  Some  effluent  lost,  liaroh  16  to  26.  — 
Air  let  Idio  tank  at  the  top.  March  27.— Cover  removed  from  top  of  tank  and  trap  from  outlet  pipe. 
The  UDk  would  not  Uke  the  usual  amount  of  sewage.  March  28  and  29.  —  Surface  covered  with  sewage. 
March  28.— Air  from  tank  contained  1.8  per  cent,  oxygen.  1.1  carbonic  acid  and  97.1  nitrogen.  March 
«.^The  corresponding  per  cents,  were  0.7,  0.9  and  98.4. 

Total  efBuent  to  end  of  month.  2.793.80  gaUonc. 
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Fitter  Tank  No.  14  —  Continued. 

A»rU,  188*. 


1 

Rbsidcb  om 
evaporatiok. 

AM1C02nA. 

i 
I 

KITBOOBV 

AlTALTSU   OT  An 

FROM  TBK  Task. 

DATS. 

§1 

1^ 

t 

1 

1^ 

^ 

i 
1 

^ 

1 

1? 

S 

1, 

2. 

3, 
4» 
5, 

a, 

7, 
10, 

n. 

12. 
13. 
14, 
16, 
16, 
17, 
18. 
19, 
20. 
21, 
22. 
23, 
24. 
25, 
26, 
27. 
28. 
20, 
», 

.57 
5.20 
8.10 

8.96 

!    ^« 

¥.■17 

'  e.os 

9,04 

?.97 
'  8.S7 

i  •^ 

6.10 
ft.  71 

0,37 
B.9^ 

j  ft.OiJ 
8.94 

§.^^« 

8,  Si 
%,77 

2.H4 
3.14 

4.00 
2.40 

1.00 
1.00 

1.40 
2.40 

2.10 
7.20 

7.80 

28.10 
88.00 

28.00 
28.10 

27.70 
81.60 

33.20 
28.40 

32.60 

1.4700 
1.4300 

.8800 
.0680 

.0400 
.0720 

.0400 
.4800 

.7840 

- 

.0650 
.0620 

.0320 
.0250 

.0460 
.0290 

.0820 
.1140 

.0060 

1.6860 
1.4920 

.4120 
.0980 

.0860 
.1010 

.0720 
.6040 

.8800 

4.73 
9.10 

4.44 
4.17 

8.60  1 

1 

7.62 

4.12 

4.02 

1 

6.13 

1 

.0100 
1.2000 

1.4000 
2.3000 

1.6000 
1.8000 

1.6000 
.0600 

.0050 
.0200 

.0240 
.0080 

-  1 

-  1 

-  1 

.0030 
.0040 

.0080 
.0020 

.0004 

2.6 

20.7 
19.7 

19.7 

14.8 

7.4 

.6 
20.6 

.6 

.8 
.9 

1.2 
3.4 
6.4 

6.2 
.5 

96.9 

79.0 
79.4 

79.1 
82.8 
87.2 

93.2 
78.9 

From  very  Blight  to  decided  turbidity  and  very  little  Bodlment  In  effluent,  with  color  averaging  0.14. 

April  1.  — No  aewage  on  surface.  April  2.—  Surface  levelled  and  Bcraped  and  7  pounds  of  material 
removed.  April  2  and  3.  --  Some  effluent  lost.  April  2  to  17.  —  Air  drawn  continnously  from  near  the 
bottom  of  tank.  April  17.  — Cover  replaced  on  tank.  April  27  to  80.— Air  drawn  as  before.  Cock  in 
top  of  cover  left  open. 

Total  effluent  to  end  of  month,  8,001.89  gallons. 
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Filter  Tank  No.  14  —  Continued. 

Kay,  Ism. 


P 

AjiHOVlA. 

j 

AS 

jtSAtraRa  or  Ai« 
rJtOH  THE  Taiic. 

Ham. 

il 

1 

^ 

i^ 

•3 
1 

1 

vi 

1 

|3 

^ 

1,       . 

3.01 

« 

« 

„ 

« 

_ 

« 

_ 

. 

„ 

„ 

2,       .        . 

8.00 

8.40 

40.00 

.1440 

.0060 

.1520 

5.83 

4.5000 

.0200 

- 

- 

. 

s.     .     . 

2.96 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

4.       . 

3.02 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

. 

6,       .        . 

.68 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

«.       .        . 

2.11 

- 

- 

.0000 

.0250 

.1150 

3.86 

8.8000 

.0200 

20.6 

.8 

70.1 

7,       . 

2.06 

- 

- 

- 

- 

- 

- 

- 

- 

16.4 

2.0 

81.6 

8.       .•      . 

8.07 

. 

- 

- 

-• 

- 

- 

- 

- 

- 

- 

- 

9,       .        . 

8.0« 

2.80 

82.80 

.0210 

.0220 

'.0460 

4.77 

6.0000 

.0060 

7.8 

5.6 

87.1 

10.       .        . 

2.S4 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

11,       . 

2.82 

- 

- 

- 

- 

- 

- 

- 

- 

.6 

0.7 

89.7 

12.       .        . 

.65 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

13.       .        . 

2.00 

5.00 

48.00 

.0600 

.0280 

.0830 

4.70 

2.0000 

.0040 

- 

- 

- 

u,      .      . 

3.13 

- 

- 

- 

<- 

- 

- 

- 

- 

- 

- 

- 

W.       .        . 

2.00 

- 

- 

- 

- 

- 

- 

- 

- 

- 

" 

- 

18.       .        . 

2.07 

- 

- 

.0500 

.0730 

.1200 

5.12 

.1600 

.0100 

.2 

7.8 

02.0 

IT,       .        . 

3.36 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

w,     .      . 

8.25 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

w,      .      . 

.67 

- 

- 

- 

■ 

- 

- 

- 

- 

- 

- 

. 

».       .        . 

2.81 

7.60 

36.20 

.2200 

.0480 

.2680 

4.67 

2.2000 

.0350 

- 

- 

- 

21,       .        . 

3.13 

- 

- 

. 

- 

- 

. 

- 

- 

- 

- 

- 

a.     .     . 

2.04 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

23.       .        . 

2.06 

6.80 

45.80 

.0640 

.0160 

.0700 

8.03 

8.2000 

.0018 

7.0 

.8 

02.2 

U       .        . 

2.06 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

25.       .        . 

3.02 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

2ft.       .        . 

.50 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

27,       . 

2.37 

~ 

- 

.0440 

.0200 

.0640 

4.62 

3.7000 

.0325 

- 

- 

- 

IS,      .        . 

2.54 

- 

- 

- 

- 

- 

- 

_ 

- 

- 

- 

29.      .        . 

8.01 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

»,      .        . 

3.06 

- 

.0240 

.0280 

.0520 

4.67 

3.4000 

.0120 

- 

- 

- 

31,      .       . 

3.14 

- 

- 

- 

- 

1 

- 

- 

- 

- 

- 

- 

Xfflnent  nearly  clear  and  free  from  sedlmeDt.  with  color  from  0  to  0.2. . 

May  1  to  6.  —  Air  drawn  continuously  from  near  bottom  of  tank.  Cock  in  top  of  cover  left  open. 
Hiy  6  to  20.— Air  excluded  from  Unk.  May  20  to  December  7.  —  Aspirator  with  a  return  current  run 
ooQUnaonsly  to  keep  the  air  mixed.    Air  accidentally  admitted  several  times  till  June  6. 

Total  eflEInent  to  end  of  month,  3.082.45  gallons. 
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FiUer  Tank  No.  14  —  Continued. 


Jane, 

1889. 

1 

Bbsiddk  ox 
Evaporation. 

Akwosia. 

j 

NlTBOOBK 
AS 

AxALTSBS  or  AlB 

FROX  THB  TAXB. 

Datb. 

Loss  on 
Ignition. 

1 

1 

il 

B 

Nitrates. 

Nitrites. 

1 

o3 

2 

1,  .       . 

2,  .       . 

3,  .       . 
*•        .       . 

6,       .       . 

6.  .        . 

7.  .       . 

8.  .        . 
»,        .        . 

10,  .        . 

11,  .        . 

12,  .        . 

13,  .        . 

14,  .        . 

15,  .        . 

16,  .        . 

17,  .        . 

18,  .        . 

19,  .        . 

20,  .        . 
21, 

22,  .        . 

23,  .        . 

24,  .        . 
26,        .        . 

26.  .        . 

27.  .        . 
28, 

29,  .        . 

30.  .        . 

2.91 

.71 
2.42 
3.00 
2.80 
2.71 
3.06 
3.60 

.74 
1.76 
3.01 
2.83 
3.01 
2.95 
2.90 

.83 
2.36 
2.77 
3.« 
2.81 
3.23 
2.83 

.65 
2.73 
2.43 
3.18 
2.90 
2.96 
2.86 

.58 

1 

2.00 
2.10 

1.60 
3.00 

1.60 

1.60 
3.00 

36.30 
25.70 

35.60 

35.00 

81.30 

31.70 
32.80 

- 
.0400 

.0240 

.04B0 
.0320 

.0160 

.0280 
.0300 

.0210 
.0270 

.0140 
.0210 

.0180 

.0220 
.0220 

.0610 
.0510 

.0620 
.0560 

.0340 

.0500 
.0520 

1 
5.03 
5.85 

5.86 
5.11 

5.07 

5.48 
6.27 

1 

1      ~ 
3.4000 

3.0000 

1      _ 

13.3000 

1 

1      " 

3.0000 

2.8000 

2.4000 
2.8000 

.0250 
.0080 

.0250 
.0200 

.0070 

.0220 
.0010 

1 

1        - 

1.7 

.8 

6.5 

.9 
1.4 

.8 

97.6 
97.7 

.92.7 

BfflaentTery  slightly  turbid,  fr«e  from  sodlment  or  nearly  so,  and  with  color  from  0  to  0.1. 
Jane  15  to  19.  —  Air  admitted  15  minutes  daily.    June  20  to  80. —Five  minutes  daily. 
Total  effluent  to  end  of  month,  8,157.11  gallons. 
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Fitter  Tank  No.  I^i  — Continued. 
J«ly,  iss*. 


1 

rk8iduk  on 
Evaporation. 

'              Amxohza. 

j 

NiTBOOBM 
AS 

1   ANALT8B8  OF   AlR 

FBOK  THE  Tank. 

Daxv. 

I' 

1 

1 

|l 

^ 

i 

1 

1 

1^ 

2  . 

1.  .       . 

2.  .        . 
8.       .        . 

4,  .        . 

5,  .        . 
%       .        . 

7.  .       . 

8.  .        . 

9.  .        . 

10,  .        . 

11,  . 

12,  .        . 

13,  .        . 

14,  .        . 

15,  .        . 
18.       .        . 

17.  . 

18.  .        . 

19.  .        . 
»,       . 

21,  .       . 

22,  .        . 

23,  .       . 

24,  .       . 

25,  .       . 
2«,       .       . 
27.       .       . 
23.       .       . 
29,       .       . 
80.       .       . 
31,       .       . 

2.53 
2.75 
2.95 
2.80 
2.90 
2.97 

.75 
2.54 
2.71 
2.92 
2.95 
2.98 
2.96 

.58 
2.43 
2.82 
2.87 
3.4« 
3.02 
2.8« 

.62 
2.81 
2.72 
2.90 
3.07 
3.06 
2.90 

.74 
2.73 
2.38 
3.01 

2.00 
2.10 
2.40 

2.60 
1.60 

2.80 

3.40 

30.90 
82.60 
29.60 

24.30 
27.80 

25.40 

24.80 

.0360 
■0820 
.0360 
.0265 

.0290 
.0230 

.0250 

.0024 

.0190 
.0110 
.0200 
.0190 

.0290 
.0210 

.0220 

.0188 

•0550 
.0430 
.0500 
.0455 

.0580 
.0140 

.0470 

.0102 

0.70 
7.82 
T.16 

0.44 
5.52 

6.82 

4.39 

2.1000 
2.0000 
1.8000 
2.1000 

.9000 
1.6000 

1.6000 

1.8000 

.0100 
.0200 
.0178 
.0118 

.0180 
.0060 

.t)180 

.0050 

- 

EiOneDt  oolorleu,  clear  or  slightly  milky  and  free  from  sediment  or  Tery  nearly  so.    Air  admitted  to 
tank  5  minutes  daily. 

Total  effluent  to  end  of  month,  8,230.89  gallons. 
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FiUer  Tank  No.  14  —Continued. 

Ancnat,  IM*. 


1' 

Rbsidub  ok 

EVAPORATIOX. 

AxMomA. 

j 

KiTBOOSN 
AS 

Akaltsks  or  An 

VROM  THK  TaXK. 

BXTB. 

§1 

1 

1 

1 

1 

S 

% 

1^ 

S 

1,  .          . 

2.  .        . 
8,        .        . 
4,        .       . 

6,  .       . 
ft.        .        . 

7,  .       . 

8,  .        . 

10,        .        . 
U,       .       . 
12,        .       . 
18.        .       . 

14,  .       . 

15,  .        . 
1ft,       .       . 

17.  .        . 

18,  .       . 

19.  .        . 

20,  .       . 

21.  .       . 

22,  .       . 
28,       •        . 
24.       .       . 
2ft,       .       . 
2fl,        .       . 

27,  .       . 

28,  .       . 

29,  .       . 
8P.       .       . 
81,       .       . 

2.98 
2.95 
2.95 

.09 
2.89 
2.87 
2.90 
8.01 
8.00 
2.87 

.52 
2.58 
8.08 
2.99 
2.92 
2.92 
8.02 

.59 
2.00 
2.84 
8.10 
2.91 
8.45 
2.26 

.59 
2.52 
2.92 
2.92 
8.10 
2.92 
2.74 

8.80 
2.10 
1.20 

27.20 
28.90 
28.00 

.0040 
.0058 
.0016 

.0010 

.0040 

.0080 
.0048 
.0026 

.0130 
.0166 
.0128 

.0118 

.0182 

.0146 
.0146 
.0116 

.0170 
.0222 
.0144 

.0128 

.0172 

.0176 
.0194 
.0142 

5.10 
4.51 
5.20 

4.86 

4.52 

4.60 
6.00 
8.10 

2.2000 
1.9000 
2.2000 

1.8000 

2.0000 

1.8000 
1.7000 
1.7000 

.0110 
.0110 
.0060 

.0018 

.0100 

.0090 
.0200 

.0050 

• 

1.9 

8.5 
4.1 

.7 

.6 
.7 

97.4 

91.9 
95.2 

Bfflnent  clear  and  colorless  and  generally  free  from  sediment. 

August  1  to  14.— Air  admitted  to  Unk  5  minutes  daily.    August  15  to  81.  —  Three  mlnnteaxlally. 

Total  eifluent  to  end  of  month,  8.816.94  gallons. 
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FiUer  Tank  No.  14  —  Continued. 
.  las*. 


3    . 

ai 

Rksidub  ov 
evapokatiok. 

Akmokia. 

s 

NiTRoosir 

AS 

ANALT8K8  OP  A  IS 

FttoM  THE  Tank. 

DATS. 

i 

1 

1 

|l 

1 

00 

i 

I 

9i 

S 

1 

c^ 

^ 

1, 

% 

3,        . 

4, 

5. 

fi. 

7, 

8. 

9. 
10. 
11. 

w. 
la. 

M, 
'l5, 
18. 
IT, 
18. 

w, 

20. 
21. 
22. 
23, 
24. 
26. 
28. 
2T, 
28, 
29. 

.59 
2.S8 
2.68 
2.80 
2.99 
2.94 
2.78 

.52 
2.82 
2.75 
3.17 
2.54 
3.02 
3.07 

.M 
2.55 
2.76 
2.97 
2.78 
8.10 
2.74 

.«, 

2.02 
2.78 
3.14 
2.77 
2.73 
2.98 
.76 
2.80 

2.10 
2.00 

31.40 
80.40 

1 

.0044 

1        - 

1 

i 

!    - 

.0048 
.0034 

.0020 

.0012 

I        ■ 

.0106 

- 
.0140 

.0130 

.0158 
.0128 

.0150 

.0188 

.0164 

.0178 
.0140 

6.94 

1 
1 

4.94 

7.99 

4.16 
4.40 

2.0000 

.9000 

1.2000 

1.0600 
1.3500 

.0100 

.0200 

■ 
.0085 

.0024 
.0016 

1.0 
8.3 

.9 
.5 

• 

98.1 
96.2 

Effluent  clear  and  colorless  and  generally  free  from  sediment. 

Air  admitted  to  tank  8  mlnntes  dally. 

Total  efflaent  to  end  of  month,  3,391.21  gallons. 
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Filter  Tank  No.  14 —  Continued. 

October,  18H0. 


RkSIDUB  OS 
EVAPORATIOS. 

AjkfMOXIA 

'      2 

1  s 

'        KlTKOOBX 

1                 AS 

AXALrSKS 

FUUM  TUS 

OF   AIR 

Taxk. 

Datk. 

1* 

i 

1  1 

c 

3 

•Ji 

1 

i     1 
1 

o 

1 

i      ^ 

1.       .        . 

2.45 

1 
1 

_ 

_ 

1 

1 

_ 

1 

2, 

2.74 

1 

- 

1    - 

- 

- 

1 

!    -    i    -    1 

1        - 

- 

1 

3, 

3.10 

1 

- 

1    - 

- 

- 

1     ~ 

- 

- 

- 

- 

1        - 

4.        .        . 

3.12 

1 

- 

- 

j 

- 

- 

- 

- 

- 

- 

5.        .        . 

- 

- 

.0011 

1 

.0132 

.0146 

4.72 

1.8000 

.0012 

- 

- 

- 

6, 

.80; 

- 

- 

1 

- 

- 

- 

'      - 

- 

- 

- 

- 

7,        .        . 

2.05 
2.87, 

- 

- 

- 

- 

- 

1 
1 

- 

1.5 

1.4 

97.1 

8,        .        . 

_ 

- 

- 

- 

- 

1 

- 

- 

- 

- 

9, 

2.90 

- 

- 

- 

- 

•    - 

- 

- 

- 

- 

- 

" 

10, 

2.77 

- 

- 

- 

- 

- 

- 

_ 

- 

1.8 

.8 

97.9 

11.        .        . 

3.08 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

12.        .        . 

2.<.5| 

_ 

- 

.0010 

.0122 

.0132 

6.00 

,1.3000 

.0014 

- 

- 

13,        .        . 

.68 

_ 

- 

- 

- 

- 

- 

1   - 

.      1 

1 

- 

" 

14,        .        . 

2.52 

- 

- 

- 

- 

- 

- 

1 

1 

- 

" 

15,        .        . 

2.63 

- 

- 

- 

- 

_      1 

- 

_      1 

- 

- 

16,        .        . 

3.01  , 

- 

- 

- 

. 

- 

- 

! 

1      _ 

-      1 

- 

_ 

- 

17.        \        . 

3.09  1 

1 

- 

- 

- 

- 

- 

- 

i      - 

-      1 

- 

- 

- 

18, 

2.69  1 

- 

- 

- 

- 

- 

- 

1      - 

-      , 

- 

- 

W.        .        . 

3.31  j 

- 

1 

.0016 

.0144 

.0160 

1 

5.00 

1.3400 

.0070  1 

~ 

- 

- 

20,        .        . 

.50, 

- 

-    i 

- 

. 

1 

1 

-      1 

- 

- 

21. 

2.29 

- 

- 

- 

_ 

- 

- 

1 

! 

- 

- 

22.        .        . 

2.73 

- 

- 

- 

_ 

-      ' 

~ 

1 

-      1 

~ 

- 

- 

23.        .        . 

2.87  j 

- 

- 

- 

i 

- 

- 

_      1 

^ 

- 

24.        .        . 

8.19  1 

- 

- 

- 

- 

-      t 

- 

1 

-      ' 

- 

- 

- 

25,        .        . 

2.42  1 

- 

- 

- 

- 

-      1 

- 

'      - 

_      1 

" 

- 

- 

26.        .        . 

2.97  1 

- 

- 

.0008 

.0120 

.0128  ' 

4.60 

11.6000 

.0018 

- 

- 

27,        .        . 

.80, 

- 

- 

- 

- 

-    : 

- 

■      - 

1 

- 

' 

- 

28, 

2.28 

- 

- 

- 

_    1 

- 

;   - 

! 

- 

29.        .        . 

2.80  1 

- 

- 

- 

- 

- 

"      1 

- 

- 

80.        .        . 

3.00 

1 

- 

- 

- 

- 

-    i 

- 

1 
"      1 

- 

- 

- 

31.        .        . 

3.01 

1 

- 

- 

- 

- 

-    ! 

,   - 

"   i 

- 

- 

- 

Effluent  clear  and  colorless  and  free  from  sediment. 

October  1  to  0.— Air  admitted  to  tank  3  minutes  dally.    October  7  to  31.— One  minute  daily. 

Total  effluent  to  end  of  month.  3,469.79  gallons. 
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FiUer  Tank  No.  14  —  Conrtnued. 

SfOTemlMr,  ISA*. 


1- 

EVAFOHATIUX. 

Akvomia 

1 

IIITROOKN       ll   ASALYSr.8   OF   AlB 
AS                '1      FUOM  THK  TASK. 

1 

DATS. 

M 

1 

1 

1 

CO 

1 
1 

1 
■c 

1 

5 

S 

1,          .           . 

2,88 

- 

- 

- 

- 

- 

- 

_ 

2 

3.19  ' 

- 

- 

.0086 

.0150 

.0186 

4.45 

1.2500 

.0012 

- 

- 

- 

\       .        . 

.17 

- 

- 

- 

- 

- 

_ 

1 

- 

- 

- 

4, 

2.60  1 

- 

- 

- 

- 

- 

- 

" 

_ 

1    - 

- 

- 

5.       .        . 

2.92 

- 

- 

- 

- 

- 

- 

- 

1    - 

-  .    - 

6,       .        . 

2.70  ' 

- 

- 

- 

- 

- 

- 

- 

~ 

- 

i 

", 

3.20  1 

- 

- 

- 

- 

- 

- 

- 

_ 

~ 

1 

8, 

S.I.] 

- 

- 

- 

- 

- 

- 

- 

~ 

-  1   - 

».       .        . 

2.92  1 

2.50 

27.10 

.0008 

.0156 

.0164  1 

4.77 

1.3000 

.0016 

1    - 

'  1    " 

10,        .        . 

•""l 

- 

- 

- 

- 

-      1 

- 

- 

,    - 

■  1    " 

11.       .        . 

2.80  ! 

- 

- 

- 

-      , 

- 

- 

- 

- 

1 

12.       .        . 

2.96  , 

- 

- 

- 

- 

-      j 

- 

- 

" 

i   \ 

1 

13,        .        . 

3.05  1 

- 

- 

- 

- 

-      ] 

- 

- 

" 

1 

M,       .        . 

2.63  ' 

- 

- 

- 

-    ' 

- 

" 

i 

15,       .        . 

2.27 

- 

- 

- 

- 

-      1 

-    ' 

- 

8.1 

.7     96.2 

16.       .        . 

3.16 

- 

- 

.0024 

.0140 

.0164 

5.86 

1.6000 

.0014 

- 

- 

17,       .        . 

.85 

- 

- 

- 

- 

-      ' 

-    ' 

- 

- 

1 

- 

18.       .        . 

2.80  i 

- 

- 

- 

- 

-      1 

- 

- 

- 

1 

- 

- 

19,       .        . 

2.84 

- 

- 

- 

- 

-       1 

- 

- 

- 

« 

- 

20,       .        . 

2.68 

1 

- 

- 

- 

- 

-      1 

1 

1 

- 

- 

1    ~ 

« 

- 

21.       .       . 

3.38  1 

- 

- 

- 

- 

- 

- 

- 

I 

- 

- 

22,       .        . 

2.M 

- 

- 

- 

- 

- 

" 

- 

- 

i    " 

- 

- 

23,       .        . 

2.74 

- 

- 

.0006 

.0148 

.0154 

4.:. 

1.5400 

.0008 

- 

- 

24,       .        . 

.80  1 

- 

- 

- 

- 

- 

- 

- 

1  - 

- 

- 

25.       .        . 

2.45  1 

- 

- 

- 

- 

" 

~ 

- 

- 

(       _ 

- 

- 

28,       .        . 

2.72 

- 

- 

- 

- 

- 

- 

- 

- 

1  - 

- 

- 

27,       .       . 

3.18 

-   ' 

- 

- 

- 

- 

- 

- 

- 

1     9.9 

^ 

89.8 

».       .        . 

'2.73  1 

- 

- 

- 

- 

- 

- 

" 

- 

1 

1   - 

- 

- 

29,       . 

2.90  ' 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

30.       .        . 

2.93 

1 

.0012 

.0130 

.0142 

5.30 

1.0000 

.0001 

1 

^ 

- 

Effluent  clear  and  colorless  and  free  from  sediment. 

Kovember  1  to  3.— Air  admitted  to  tank  1  minate  daily.    November  4  to  30.— No  air  admitted. 

Total  effluent  to  end  of  month,  3,546.43  gallons. 
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Filter  Tank  No.  14— Continued. 


• 

t 

is 

ItBSIDCK  OH 

Evaporation. 

Ahhoxia. 

1 

NlTKOOJUI 
AS 

AxALTBBS  or  An 

FBOX  THB  Ta5L 

DATS. 

1* 

1 

1 

jl 

'3 

1 

^ 

1 

. 

1^ 

1** 

5: 

1,          .          . 

.99 

_ 

_ 

« 

_ 

_„ 

« 

_ 

i 

_ 

_     '       _ 

2.        .        . 

2.96 

- 

- 

- 

- 

- 

- 

■- 

-   1 

- 

- 

3,        .        . 

2.02 

- 

- 

- 

- 

- 

- 

- 

1 
1 

- 

- 

- 

4, 

3.20 

- 

- 

-■ 

- 

- 

- 

1 

- 

- 

- 

fi.     .•        • 

3.43 

- 

- 

- 

- 

- 

- 

- 

.    1 

- 

- 

- 

«,        .        . 

2.54 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

7.        .        . 

2.98 

- 

- 

.0024 

.0140 

.0164 

4.70 

1.4000 

.0002 

- 

_ 

- 

8.        .        . 

.76 

- 

- 

- 

- 

- 

- 

- 

- 

- 

I 

9, 

2.09 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

10, 

3.06 

- 

- 

.0016 

.0154 

.0170 

4.40 

1.4800 

.0000 

- 

i 

U.        .        . 

2.62 

- 

- 

.0002 

.0180 

.0132 

4.10 

1.4600 

.0002 

- 

- 

12,        .        . 

2.02 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

13.        .        . 

2.79 

- 

- 

.0006 

.0160 

.0166 

3.70 

1.3400 

.0020 

- 

•- 

- 

14,        .        . 

2.86 

- 

- 

.0024 

.0144 

.0168 

4.02 

1.3400 

.0008 

- 

- 

- 

16,        .        . 

.65 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

16.        .        . 

2.86 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

17,        .        . 

2.84 

- 

- 

.0020 

.0156 

.0176 

4.14 

1.8000 

.0002 

- 

- 

- 

18,        .        . 

3.34 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

19,        .        . 

2.72 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

20,        .        . 

3.17 

- 

- 

.0030 

.0170 

.0200 

5.80 

.7500 

.0014 

- 

- 

- 

21,        .        . 

2.46 

- 

- 

.0040 

.0218 

.0268 

5.95 

.6000 

.0060 

- 

- 

22.        .        . 

.52 

- 

- 

- 

- 

- 

- 

- 

- 

- 

-       - 

28,        .        . 

2.64 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

2i,        .        . 

3.47 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

26,        .        . 

2.91 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

26.       .       . 

2.48 

- 

- 

- 

- 

- 

■" 

- 

- 

- 

- 

27.       .       . 

2.64 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

28,        .       . 

2.96 

- 

- 

.1570 

.0026 

.2196 

5.02 

.0700 

.0008 

- 

- 

».       .       . 

.82 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

80,       .       . 

2.08 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

81,        .       . 

8.19 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

_ 

Effluent  colorleM  and  generally  clear  and  free  from  eediment. 

December  1  to  6.  —  No  air  admitted  to  tank.    December  7.  ~  The  aspirator  put  on  May  20  rsinoved< 
AH  air  excluded  from  tank. 

Total  effluent  to  end  of  month,  3,628.98  gallons. 
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Filter  Tank  No.  14  —  Continued. 


Jaanary 

,  ltt90. 

i 

or 

RSBIDUK  ON 
EVAPOSATIOH. 

Ammonia. 

j 

'     Nitrogen 

A8 

ANALTflKS   OP   AlE 

FROM  THK  Tank. 

Datb. 

i! 

i 

1 

of 

1 

§ 

1 

1 

—  ? 

S 

I.  .       . 

5.  .       . 
>.       .       . 
4.       .        . 

6.  .        . 
«,       .       . 
T.       .       . 
«.       .       . 

10,       .        . 

II.  .        . 
M.       .       . 

13,  .        . 

14,  .       . 

15,  .        . 
1«.       .        . 
1",       .       . 
18.       .       . 

u.     .      . 

».       .       . 
21.       .       . 
fi.  *    .       . 

a.     .     . 

M,       .       . 

».      .       . 
».      .       . 

a.    .     . 
».     .     . 
».     .     . 
a.    .     . 

3.80 
2.69 
2.54 
3.31 

.61 
2.45 
2.71 
3.16 
2.34 
2.87 
3.55 

.74 
2.66 
2.63 
8.52 
2.14 
1.70 
3.40 
1.35 
2.83 
2.72 
2.53 
3.62 
2.54 
8.55 

.62 
S.20 
2.92 
8.16 
2.66 
8.20 

5.M) 

84.20 

.8600 
.3700 

.4500 
.5700 

.5700 

.6500 
.7500 

1.0000 

.1000 
.1200 

.0900 
.1100 

.1300 

.0600 
.1200 

.0700 

.4600 
.4800 

.5400 
.6800 

.7000 

.7100 
.8700 

1.0700 

7.87 
5.70 

6.16 

- 
4.82 

4.27 

.    1 

3.60 

1 

8.94 

- 
4.97 

.0100 
.0000 

.0000 
.0000 

.0000 

1       ~ 
1 

.0000 
.0000 

■ 

.0000 

.0002 

1 

.0000 

.0000 
.0002 

.0000 

.0000 
.0000 

.0000 

- 

- 

- 

SfflneDt  very  turbid,  with  from  no  Mdlment  to  mach,  and  from  no  color  to  a  brown,  dae  to  eaapended 
natter.   All  air  ezelnded  from  Unk. 

Total  efflnent  to  end  of  month,  8,704.88  gallons. 
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Fater  Tank  No.  14— Concluded. 


h 

RB8IDCR  OW 

Evaporation. 

AUXOSIA. 

NlTROOBV 
A8 

ANALT8K9   OF  Alt 

1  ^FROM  TUK  Take. 

DATS. 

i 

1 

1 

i^ 

1 

^ 

Nitrites. 
Oxygen. 

.2? 

s 

1.  .           . 

2.  .        . 

3.  .        . 
4, 

6.        .        . 

6,  .        . 

7,  .        . 

8,  .       . 

9,  .        . 

10,  .        . 

11,  .        . 

12,  .        . 
13, 

14, 
15, 

2.71 
.88 
2.64 
3.34 
1.99 
2.05 
4.25 
2.63 
.08 
3.11 

s.ul 
3.58 : 

3.07  1 
3.1.! 
2.67  ; 

- 

1.0500 
1.4000 

.1800 
.1000 

1.1800 

1.5000 

1 

4.55 
8.72 

.0000 
.0000 

1 
.0000 

1 
1 

1 

"  1 

.0000 

j 

i  " 

~. 

- 

Effluent  from  slightly  to  distinctly  turbid,  with  from  no  sediment  to  much,  and  with  a  brown  color. 
All  air  excluded  from  tank. 

Total  effluent  to  February  15,  3,744.62  gallons. 
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General  Results  with  Coarse  Sand  Filters. 

By  experimenting  with  four  filters  made  of  clean,  sharp,  coarse, 
mortar  sand,  —  76  percent,  of  which  is  of  particles  haWng  diameters 
from  0.02  of  an  inch  to  0.09  of  an  inch,  5  per  cent,  between  0.01  and 
0.02  of  an  inch,  and  about  1  per  cent,  finer,  —  we  have  learned  that 
60,000  gallons  of  sewage  may  be  filtered  daily  on  an  acre,  remov- 
ing from  97  to  99  per  cent,  of  the  organic  matter  of  the  sewage, 
and  giving  an  efliuent  always  colorless  and  generally  clear,  with 
very  little  or  no  sediment. 

Larger  quantities,  up  to  180,000  gallons  per  acre  per  day,  may 
be  purified  by  the  removal  of  97  per  cent,  of  the  organic  impurities 
for  several  months  at  a  time  ;  but  we  have  not  yet  learned  how  to 
continue  this  indefinitely.  We  have  also  found  that  this  material, 
when  filtering  60,000  gallons  per  day,  will  reinove  an  average  of  .999 
of  the  bacteria  applied  in  the  sewage,  but  that  there  is  a  time  soon 
after  the  application  of  sewage  when  the  number  may  for  an  hour 
amount  to  from  1  to  5  per  cent,  of  the  number  applied.  During 
the  same  hour  purification  from  other  organic  matter  is  not  so  com- 
plete as  at  other  hours. 

We  have  now  to  learn  what  results  we  may  obtain  by  filtering 
through  finer  sand ;  and  for  this  purpose  select  a  sand  90  per  cent, 
of  whose  particles  have  diameters  less  than  0.01  of  an  inch. 
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FILTEE    TANK    No.  2. 


,  Physical  Characteristics. 
This  tank  is  filled,  above  the  underdrains  and  their  iadjacent  layers 
of  coarse  and  fine  gravel  and  coarse  sand,  with  five  feet  in  depth  of 
clean  fine  sand  of  quite  even  grain.     The  following  is  the  result  of  a 
mechanical  analysis :  — 


f 

Approximate 

Diameter 

of  Grains,  In 

Inches. 

Perc6ntw 

sgeofWlMde 

Qnantitj. 

Between  lieve  No.  20  and  No.  40 

0.020  to  0.040 

1 

Between  eieve  No.  40  ancTNo.  56 

0.012  to  0.020 

4 

Between  sieve  No.  56  and  No.  70, 

0.010  to  0.012 

5 

Between  sieve  No.  70  and  No.  100 

0.008  to  0.010 

19 

Between  Bieve  No.  100  and  No.  140, 

0.005  to  0.008 

28 

0.003  to  0.006 

83 

0.001  to  0.003 

0 

0.000  to  0.001 

1 

This  sand  is  nearly  white  and  appears  to  be  nearly  all  of  angular 
grains  of  quartz.  The  grains  insoluble  in  strong  acid  in  two  hours 
formed  97.74  per  cent.  The  soluble  portion  yielded  0.84  of  one 
per  cent.,  of  the  whole,  of  alumina,  and  0.069  of  one  per  cent,  of 
oxide  of  iron  and  manganese.  About  one-third  of  one  per  cent. 
was  lost  on  heating  to  redness ;  this  loss  was  from  the  three  finer 
grades  given  in  the  table. 

The  specific  gravity  of  the  solid  particles  is  2.65  ;  and  of  the  mass, 
when  closely  packed  dry;  1.55,  —  giving  an  air  space  of  42  per  cent, 
of  the  volume.  The  open  space  varies  with  the  method  of  packing 
and  is  found  to  be  in  this  tank  about  40  per  cent,  of  the  volume. 

Quantity  of  Liquid  ordinarily  held  by  the  Sand. 
The  lower  foot  of  this  filtering  material,  although  drained  by 
gravel   under  its  whole  area,  remains  completely  saturated  all  of 
the  time,  and  the  second  foot  from  the  bottom  is  continually  about 
three-quarters  saturated.     The  third  foot  is  generally  about  one- 
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half  saturated.  The  fourth  foot  varies  from  two-thirds  saturated, 
an  hoar  after  sewage  has  been  applied,  to  one-third  saturated  on 
the  following. day ;  and  the  upper  foot  varies  from  five-sixths  sat- 
urated, as  sewage  disappears  from  the  surface,  to  about  one-third 
saturated  the  following  day.  Generally,  when  sewage  is  applied,  the 
tank  averages  about  five-eighths  saturated,  or  contains  about  one- 
quarter  of  its  volume  of  liquid.  From  examinations  made  by  taking 
out  samples  of  the  sand  from  different  depths,  —  from  which  these 
results  are  obtained,  —  and  from  comparing  the  changes  in  chlorine 
in  the  effluent  which  follow  the  marked  changes  in  chlorine  of  the 
applied  sewage,  it  was  determined  that  liquid,  from  any  sewage 
applied  over  the  surface,  reached  the  outlet  after  pushing  before  it 
2,275  gallons.  Consequently  the  constituents  of  the  effluent  are 
compared  with  those  of  the  sewage  applied  just  before  the  beginning 
of  the  last  2,275  gallons  which  have  flowed  out. 

Previous  to  the  application  of  sewage  1,000  gallons  of  water 
had  been  applied  in  three  or  four  hours  of  each  day.  This  flowed 
through  the  filter  at  the  maximum  rate  of  120  gallons  per  hour. 

Effect  of  applying  Sewage  at  a  very  low  Temperature  to 
Sand  containing  Frost. 

Sewage  was  first  applied  on  Dec.  19,  1887.  The  quantity  was, 
the  first  five  days,  136  gallons  daily,  and  its  temperature  was  35^ 
Fahr.  This  temperature  was  about  ten  degrees  lower  than  the  tem- 
perature of  sewage  in  the  main  sewer,  being  cooled  by  flowing 
about  3,000  feet  in  an  iron  pipe  through  the  water  of  the  river. 

The  136  gallons  spread  over  the  surface  and  went  down  with 
regularity,  with  no  obstruction  from  frost. 

On  December  23  the  minimum  temperature  of  the  air  fell  to  8° ; 
rose  to  19^  on  December  25 ;  and  then  fell  daily  to  2°  below  zero 
on  December  31. 

On  December  25  the  surface  of  the  sand  appears  to  have  been 
slightly  frozen,  and,  two  days  later,  to  have  been  frozen  nearly  all 
over,  —  enough  to  check  the  flow  to  a  maximum  rate  of  about 
ten  gallons  per  hour;  which  rate  continued  three  days,  and  then 
grew  less,  until  on  January  1  the  maximum  flow  was  but  one  and 
a  half  gallons  per  hour. 

On  December  24  the  quantity  of  sewage  applied  was  increased  to 
272  gallons,  and  this  amount  was  applied  daily  for  three  days ;  after 
vhich,  snow  falling  upon  the  tank,  a  less  quantity  would  run  out 
over  the  top  of  the  tank;  and  on  the  last  day  of  the  month,  there 
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being  three  inches  of  ice  on  the  surface,  only  40  gallons  could  be 
applied,  as  this  filled  the  tank. 

From  these  facts  it  is  probable  that  the  sewage  settled  quite  evenly 
through  the  sand  for  the  first  week,  when  1,300  gallons  of  water 
had  been  pushed  through  and  the  sewage  was  about  two-thirds  of 
the  way  down  the  tank.  After  this  the  applied  sewage  must  have 
found  passage  through  the  frost  in  the  upper  layers  of  the  sand  at 
certain  points,  and  not  over  the  whole  area.  Some  of  these  points 
were  probably  where  the  sewage  entered  the  tank  from  the  hose, 
which  was  shifted  from  point  to  point  when  discharging ;  here  the 
sewage  w^as  a  little  warmer  than  where,  after  spreading  over  the  sur- 
face, it  came  in  contact  with  ice  and  snow.  Under  these  points  the 
entering  sewage  would  push  the  water  beneath  the  sewage  farther 
down  than  in  other  parts,  until  the  descending  sewage  would  first 
meet  the  underdraining  gravel  at  points  beneath  those  where  it  pas- 
sed through  the  frost  most  freely.  By  the  chemical  analysis  we  see 
that  liquid  from  the  sewage  reached  the  bottom  at  one  or  more  of 
these  points  on  December  29,  when  1,837  gallons  had  passed  through 
after  the  first  application  of  sewage ;  for  on  that  day  the  chlorine, 
which  previously  had  been  0.22  parts  per  100,000,  —  the  same  as 
when  water  had  been  filtering,  — rose  to  0.36  parts ;  after  which  it 
increased  daily.  It  appears,  however,  that  with  this  sand  some  chlo- 
rine was  at  first  held  back  in  the  filter ;  for  when  the  2,275  gallons  of 
water,  which  this  filter  is  estimated  to  hold  when  drained,  had  passed 
out,  the  chlorine  had  increased  to  only  0.72  parts,  at  which  time  the 
chlorine  of  the  applied  sewage  was  about  four  times  this  amount ; 
and  the  chlorine  of  the  efliuent  did  not  reach  that  of  the  sewage 
until  January  17,  when  over  4,000  gallons  had  passed  out,  of  which 
not  more  than  10  per  cent,  could  have  come  from  rain  or  snow. 

By  careful  comparison  of  the  amount  of  chlorine  that  came  oflF  with 
that  put  on,  it  would  appear  that,  when  4,000  gallons  of  efiluent  had 
come  off*,  2,800  gallons  were  of  water  and  1 ,200  gallons  were  of  sewage. 
When  4,800  gallons  had  come  off,  2,815  were  of  water  and  2,000 
were  of  sewage.  When  5,279  had  come  off,  2,587  were  of  water 
and  2,692  were  of  sewage ;  and  when  5,800  gallons  had  come  off, 
2,323  gallons  were  of  water  and  3,477  gallons  were  of  sewage ;  indi- 
cating that  the  chlorine  was  held  back,  to  some  degree,  for  the  first 
month  only,  and  then  passed  through  as  applied. 

The  rain  of  January  1-2,  coming  upon  the  three  inches  of  ice  and 
one  inch  of  snow  on  the  tank,  thawed  these  to  some  extent,  leaving 
but  two  inches  of  ice  ;  and  the  rain  and  applied  sewage  thawed  some 
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of  the  frost  in  the  tank,  so  that  the  quantity  flowing  through  increased 
from  32  gallons  on  the  day  before  the  rain  to  79  gallons  and  113 
gallons  on  the  two  following  days.  But  the  weather  growing  colder, 
and  the  temperature  of  the  sewage  being  35^  when  applied,  the 
quantity  flowing  decreased,  in  the  next  week,  to  less  than  60  gallons, 
the  space  from  the  top  of  sand  to  top  of  tank  nearly  filled  with  ice, 
and  it  was  found  impracticable  to  continue  intermittent  filtration 
with  sewage  at  this  low  temperature,  upon  a  level  surface  of  fine 
sand  when  it  was  exposed  to  so  low  a  temperature  and  to  the  cooling 
effect  of  snow  falling  into  it. 

It  most  be  borne  in  mind  that  this  sewage  was  about  ten  degrees 
colder  than  sewage  is  generally  found  to  be  in  such  weather  at  the 
outlet  of  separate  sewerage  systems. 

Before  abandoning  experimeats  with  sewage  at  this  temperature, 
it  was  thought  best  to  try  the  effect  of  getting  the  sewage  below  the 
surface  more  quickly;  and  on  January  11  two  rings  one  foot  wide 
were  cut  through  the  ice  and  one  foot  deep  into  the  sand.  One  of 
these  rings  went  around  in  the  tank  one  foot  and  a  half  from  the  out- 
side, and  the  other  five  feet  from  the  outside.  These  rings  were 
filled  with  coarse  sand,  like  that  of  Tank  No.  1 ,  which,  when  dry, 
would  receive  about  170  gallons  of  water  and  would  allow  about 
115  gallons  to  drain  out  of  it. 

In  cutting  these  rings  the  frost  in  the  sand  was  found  to  be  one 
foot  deep ;  and  the  three  inches  of  ice  above  was  in  some  places 
frozen  to  the  sand.  The  top  of  the  rings  of  coarse  sand  was  even 
with  the  original  surface,  so  that  the  applied  sewage  covered  the 
whole  area,  when  not  obstructed  by  ice. 

The  quantity  of  sewage  applied  during  the  next  nine  days  aver- 
aged 265  gallons  per  day,  and  the  efftuent  averaged  192  gallons. 
The  minimum  daily  temperature  of  the  air  averaged  5^  Fahr.  and  ice 
accumulated  to  the  depth  of  four  inches.  After  the  fourth  day  the  quan- 
tity of  effluent  decreased.  On  the  ninth  day  it  was  112  gallons,  and 
three  days  later  only  12  gallons.    The  surface  was  again  frozen  up. 

On  January  23  four  holes  were  cut  through  the  ice  and  frost  of 
the  tank.  The  ice  was  about  six  inches  thick,  and  the  frost  in  the 
sand  fifteen  inches  deep.  The  minimum  temperature  of  that  day 
was  14°  below  zero ;  and  the  average  minimum  daily  temperature 
for  the  last  eleven  days  of  January  was  5°  below  zero.  After  Jan- 
uary 23,  for  five  days,  150  gallons  of  sewage,  at  temperature  of  35° 
to  39°,  were  daily  poured  into  the  four  holes,  and  an  average  of  95 
gallons  passed  through  the  tank;  but  in  the  next  two   dayp  the. 
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quantity  of  effluent  decreased  to  H8  gallons.  Then  two  new  holes 
were  cut  through  the  ice  and  frost ;  and  the  frost  was  found  to  be 
two  feet  deep  under  six  inches  of  ice. 

With  the  six  holes  — 150  gallons  being  applied  daily  —  the  quantity 
flowing  through  averaged  125  gallons  for  the  next  eight  days, — the 
least  quantity  being  106  gallons.  The  temperature  of  applied  sewage 
was  37^  and  of  the  effluent  36^  ;  and  the  average  minimum  daily  tem- 
perature of  the  air  was  8°  above  zero,  and  one  day  it  was  5^  below. 

During  the  extremely  cold  weather  the  four  holes,  less  than  a  foot 
square,  which  received  150  gallons  of  sewage  at  37<^  temperature 
daily,  grew  smaller  by  a  lining  of  ice. 

On  February  7  a  new  hole  was  cut  through  the  frost,  which  was 
found  to  be  27  inches  deep.  The  flow  through  the  former  holes  was 
much  checked  by  frost,  and  a  large  part  of  the  150  gallons  applied 
entered  the  tank  through  this  new  hole,  the  bottom  of  which  was 
but  three  feet  above  the  bottom  of  the  filtering  material. 

Although  sewage  had  been  entering  the  filter  for  seven  weeks,  and 
for  the  past  month  had  been  entering  through  a  few  holes  cut  in  the 
frost,  nearly  all  of  its  organic  impurities  had  been  retained  by  the 
filter.  The  effluent  at  this  time  contained  but  one  per  cent,  as  much 
ammonia  as  the  sewage.  It  was  concluded  to  be  of  no  advantage  to 
continue  applying  sewage  at  a  temperature  eight  or  ten  degrees  lower 
than  that  of  the  sewage  within  the  sewer,  and  a  hot-water  pipe  wus 
run  through  the  tank  into  which  the  sewage  was  pumped,  and  for  the 
remainder  of  the  winter  the  sewage  was  raised  to  a  temperature  as 
high  as  or  higher  than  its  temperature  in  the  sewer. 

From  February  12  to  16  the  sewage  was  applied  at  44^, — the 
same  temperature  it  had  in  the  sewer,  —  and  the  quantity  passing 
through  the  filter  was  the  same  as  the  quantity  applied. 

Removal  of  Frost  by  applying  Heated  Sewage. 

On  February  17  the  ice  was  cleared  from  the  surlEace  of  the  tank, 
and  a  ring  one  foot  and  one-half  wide  and  one  foot  from  outside  of 
the  tank  was  cut  two  inches  deep  into  the  sand.  The  sand  from 
this  ring  was  filled  into  the  holes  previously  cut.  Seventy-five  gallons 
of  sewage,  heated  to  68°,  were  poured  into  this  ring  and  settled  one- 
quarter  of  an  inch  in  two  and  a  half  hours. 

The  large  amount  of  frost  which  had  accumulated  in  the  sand 
during  the  extremely  cold  winter,  and  the  application  of  sewage  at 
the  temperature  of  eight  or  ten  degrees  below  that  in  the  sewer,  was 
so  much  of  an  obstruction  to  the  entrance  of  sewage  over  the  whole 
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surface  and  the  consequent  general  distribation  of  sewage  through* 
out  the  whole  mass  of  the  filter,  that  it  was  desirable  to  remove  this 
frost  as  promptly  as  practicable.  To  accomplish  this  object,  sewage 
was  applied  during  the  next  three  weeks,  or  until  March  10,  at  an 
increased  temperature  averaging  55^  ;  and  many  holes  were  melted 
through  the  frost  by  pressing  the  end  of  the  Hose,  through  which  sew- 
age was  brought  from  the  measuring  tank,  against  the  frost  at  one 
point  until  a  hole  was  melted  through  by  the  warm  sewage.  One 
hundred  and  fifty  gallons  were  applied  daily  and  seven-eighths  as  much 
came  through  ;  but  it  came  through  at  the  temperature  of  35°  and  36° 
and  the  frost  still  was  found  over  nearly  the  whole  area  of  the  tank. 
On  March  10  an  attempt  was  made  to  thaw  out  the  tank ;  and 
during  the  next  thirteen  days  5,350  gallons  of  sewage  were  applied 
at  64° ;  which  all  came  through  at  35°.  At  the  end  of  this  time 
there  was  still  much  frost  in  the  tank,  appearing,  by  examination 
with  sounding  rod,  to  cover  nearly  one-half  of  the  area  a  little  below 
the  surface  ;  but  the  passage  for  sewage  was  quite  free.  One  hun- 
dred gallons  placed  on  the  surface  disappeared  in  about  an  hour. 
The  temperature  of  the  efiiuent  increased  only  two  degrees  in  the 
next  ten  days,  and  reached  39°  on  April  9 ;  the  applied  sewage 
being,  after  April  1,  at  about  44°. 

Tables  and  Diagram  of  Results. 

At  the  end  of  this  section  on  Tank  No.  2  may  be  found  the  results  of 
each  of  the  235  chemical  analyses  of  the  effluent ;  the  daily  quantity 
applied  and  drawn  off;  the  temperature  of  the  sewage  and  effluent ; 
and  other  daily  observations  concerning  this  tank.  The  quality  of  the 
sewage  applied  may  be  found  in  tables  accompanying  Tank  No.  1. 

Near  the  tables  for  Tank  No.  2  may  be  found  the  daily  results  of 
chemical  examinations  of  the  effluent  and  the  sum  of  ammonias  of 
the  sewage  presented  upon  a  diagram,  having  the  scales  described 
under  Tank  No.  1. 

Dissolved  Obganic  Matter  held  back  by  the  Sand. 
From  the  preceding  account  of  the  frost  in  the  tank  it  is  evident 
that,  from  December  27  to  March  10,  the  applied  sewage  passed 
through  the  upper  two  feet  in  depth  of  the  sand  in  a  few  places  of 
small  area,  except  during  the  ten  days  from  January  11  to  21,  after 
the  rings  were  cut  through  the  frost  and  filled  with  coarse  sand,  and 
then  the  area  was  not  more  than  one-third  of  the  whole  area  of  the 
tank ;  and  it  is  remarkable  that  for  more  than  six  weeks  after  si^wage 
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was  first  applied,  and  for  three  weeks  after  the  chloripe  indicated  the 
effluent  to  be  undiluted  by  water  previously  in  the  tank  or  from 
other  source,  the  ammonias  of  the  effluent  were  but  seven-tenths  of 
one  per  cent,  of  those  of  the  applied  sewage.  Experiments  in  the 
laboratory  indicate  that  during  this  time  ammonia  was  being  stored  up 
in  the  sand,  and  that  it  was  gradually  working  its  way  down  through 
the  sand,  being  abundant  near  the  top,  growing  less  from  point  to 
point  downward  and  disappearing  before  reaching  the  bottom.  At 
the  end  of  this  time  some  ammonia  was  reaching  the  bottom.  In 
the  next  two  weeks  it  appeared  in  the  effluent,  increasing  from  0.0146 
parts  in  100,000  to  0.2500  parts;  or,  from  less  than  one  per  cent, 
to  15  per  cent,  of  the  ammonias  of  the  applied  sewage.  The  quantity 
of  effluent  continued  to  be  about  135  gallons  per  day. 

During  the  next  nineteen  days,  —  from  February  22  to  March  12, 
—  with  the  same  quantity  flowing,  the  ammonias  of  the  effluent 
remained  nearly  constant,  averaging  0.2691  parts,  or  18  per  cent, 
of  those  of  the  sewage. 

From  March  12  to  22  5,000  gallons  of  sewage  passed  through  the 
tank,  which  was  at  the  rate  of  90,000  gallons  per  acre  per  day.  The 
filtration  during  this  time  was  not  intermittent  but  was  continuous ; 
and  the  ammonias  of  the  effluent  increased  from  0.2470  parts  to 
0.67i»0  parts  per  100,000,  which,  as  the  sewage  was  then  weaker 
than  formerly,  owing  to  great  dilution  by  rainfall,  was  about  90  per 
cent,  of  the  ammonias  of  the  sewage. 

From  March  24  the  quantity  of  sewage  applied  was  150  gallons 
daily ;  and  the  effluent  was  in  the  next  month  about  6  per  cent,  more, 
being  increased  by  the  rain  which  fell  upon  the  tank. 

Beginning  of  Nitrification. 

The  temperature  of  the  sewage  applied  was,  during  the  last  week 
of  March,  60°  ;  and  in  April,  44°.  The  temperature  of  the  effluent 
rose,  in  this  time,  about  one  degree  a  week, — from  36°  to  42°.  When 
it  was  39°,  the  nitrates  of  the  effluent,  which  for  the  previous  month 
had  averaged  0.007  parts  in  100,000,  rose  to  0.012  on  April  10, 
followed  in  succeeding  analyses  by  0.025,  0.030  and  0.035  parts. 
This  was  the  beginning  of  the  rise  in  the  nitrates,  which  continued 
through  the  spring,  —  rising  slowly  to  the  middle  of  May,  and  then 
very  rapidly  reaching  2.900  parts  in  the  middle  of  June. 

This  rise  in  the  nitrates  began  at  the  same  temperature  of  the 
effluent  as  in  tanks  No.  1,  No.  12,  No.  13  and  No.  14,  and  indicates 
that,  when  liquid  in  the  tank  is  below  the  temperature  of  39^  Fahr., 
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the  conditions  are  not  favorable  for  nitrification  to  begin ;  although, 
by  the  experience  of  the  next  winter,  it  becomes  evident  that  ni- 
trification, being  in  progress,  will  continue  at  a  lower  temperature. 

It  is,  moreover,  true  that  in  tanks  No.  1,  No.  2,  No.  4,  No.  6 
and  No.  7  — as  will  be  seen  by  referring  to  the  diagram  of  nitrates 
given  with  account  of  Tank  No.  12 — the  nitrates  increased  about 
the  middle  of  January,  1888,  soon  after  sewage  first  came  through, 
when  it  was  being  applied  at  temperatures  from  35^  to  40°,  and 
came  out,  in  the  only  two  cases  when  temperature  was  observed  in 
that  month,  at  35°  and  36°.  This  increase  in  nitrates  reached  in  No. 
6,  where  it  was  the  greatest,  0.110  parts;  and  in  No.  2  it  reached 
0.030  parts,  and  soon  fell  to  the  amount  found  in  the  sewage.  This 
increase  in  nitrates  appeared  in  the  effluent  very  soon  after  sewage 
had  displaced  water  which  was  previously  in  the  tank,  —  which 
water  had  been  applied  at  45°  ;  and  it  is  probable  that  this  nitrifica- 
tion took  place  in  the  upper  layers  of  the  sand,  when  sewage  at  35° 
to  40°  was  replacing  water  at  45°,  and  appeared  later,  after  it  had 
been  cooled  to  below  39°  by  mingling  with  colder  liquid  from 
sewage  coming  down  upon  it. 

The  nitrates  in  the  effluent  of  No.  2  rose  from  0.012  to  0.035 
parts  from  April  10  to  20,  when  the  temperature  of  the  effluent  was 
39°  and  40°.  They  continued  with  but  little  increase  until  May  19, 
when  the  temperature  of  the  effluent  had  reached  49°,  at  which  time 
the  increase  in  the  nitrates  became  rapid  and  very  marked,  rising 
from  0.065  on  May  19  to  2.700  on  June  6,  when  the  temperature  had 
reached  58°  ;  and  continuing  from  June  6  to  June  23  at  an  average 
of  2.383  parts  in  100,000. 

In  this  period  of  rapid  nitrification  the  amount  of  nitrogen  which 
came  oflF  as  nitrates  was  greater  than  all  of  the  nitrogen  that  was, 
in  the  same  time,  applied  in  the  sewage. 

By  referring  to  the  Diagram  of  Nitrates  it  will  be  seen  that  this  rapid 
nitrification  in  Tank  No.  2  occurred  at  a  later  period  than  in  any  of 
the  other  tanks,  being  five  weeks  later  than  in  Tank  No.  1.  At  the 
rate  sewage  was  being  applied  it  would  take  about  nine  days  longer  for 
any  sewage  applied  to  reach  the  bottom  in  this  tank  than  in  No.  1. 

The  rapid  increase  of  ammonias  in  the  effluent  that  occurred  in 
March,  when  500  gallons  of  sewage  were  applied  daily,  and  the 
method  of  filtration  was  changed  from  intermittent  to  continuous, 
caused  them  to  average,  from  March  19  to  April  1,  0.6560  parts  per 
100,000,  —  the  highest  they  have  attained.  This  increase  was  all  in 
the  free  ammonia,  which  averaged  0.6323  parts,  while  the  albuminoid 
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ammonia  remained  as  before,  0.0237  parts.  After  this  with  150  gal- 
lons applied  daily  and  intermittent  filtration  resumed,  the  ammonias 
decreased  slowly,  until  a  month  after  nitrification  had  begun  to  increase 
rapidly.  The  average  sum  of  ammonias  for  April  was  0.5763  parts  or 
33  per  cent,  of  that  of  the  sewage ;  of  which  0.5571  parts  were  free 
ammonia,  and  0.0192  parts  were  albuminoid  ammonia,  —  the  latter 
being  but  3  per  cent,  of  the  albuminoid  ammonia  of  the  sewage. 

For  readily  seeing  the  more  general  changes  and  results  of  filtra- 
tion of  sewage  in  Tank  No.  2,  during  the  past  two  years,  the  follow- 
ing table  of  monthly  averages  has  been  arranged  from  the  tables  of 
daily  observations :  — 


Monthly  Averages  of  Daily  Results  with  Tank  No,  2. 


Datk. 


1999, 

Dee.  19-Jan.  18, 
January,    . 


Jan.  14-Feb.  15, 
February,  . 


Feb.  16-Mar.  19, 
March, 


Mar.20-Apr.l0, 
April, 


Apr.  11-May  12, 
May,  . 


May  13-Jane  8, 
JuDe, .        . 


June  9-30, . 
July,  . 


July  1-Aug.  4, 
August,     . 


Aug.  5-Sept.  7, 
September, 


Sept.  8-Oct.  5, 
October,    .      * 


October  6-25,    . 
November, 


Oct.  26-Nov.  19, 
December, 


Sewage,  . 
Bffluent, . 
Per  cent., 

Sewage,  . 
Effluent, . 
Per  cent.. 

Sewage,  . 
Bffluent, . 
Per  cent., 

Sewage,  . 
Effluent, . 
Per  cent.. 

Sewage,  . 
Effluent, . 
Per  cent.. 

Sewage,  . 
Bffluent, . 
Per  cent.. 

Sewage,  . 
Effluent, . 
Per  cent.. 

Sewage,  . 
Effluent, . 
Per  cent.. 

Sewage,  . 
Effluent, . 
Per  cent., 

Sewage,  . 
Bffluent, . 
Per  cent., 

Sewage,  . 
Bffluent, . 
Per  cent., 

Sewage,  . 
Bffluent, . 
Per  cent.. 


108 


142 


261 


158 


153 


117 


85 


95 


09 


Residuk  ox 
Evaporation, 


22.78 
2.61 
U 

34.67 
2.03 
6 

15.29 
2.09 
14 

38.57 
1.61 
4 

36.14 
3.33 
9 

27.93 
13.62 
49 

17.51 
8.04 
46 

21.62 
2.39 
11 

75.44 
1.13 
1.6 

26.11 
1.06 

4 

18.65 
1.25 
7 

10.06 
.70 

4 


22.83 
6.88 
80 

18.49 
10.74 
58 

16.50 
12.02 
73 

46.76 
11.28 
24 

43.18 
13.86 
32 

33.92 
21.34 
68 

26.09 
26.79 
108 

27.46 
26.87 


82.60 
28.82 
35 

44.73 
25.60 
67 

29.73 
22.13 
74 

29.46 
21.29 

72 


L.3100 
.0029 
.2ofl 

.9466 
.0832 


.7229 
.4697 


0553 
5671 


0295 
5100 


2S94  I 
3778 


4844  I 

1550  : 


0752 
0422 


< 


8100 
0012 
.04ofl 

.8079 
.0003 
.02ua 

!.2488 
.0003 
.Olofl 

1.2600 
.0005 
.02ofl 


.5187 
.0097 
1.9 

.6482 
.0155 
2.4 

.3767 
.0250 


.6760 
.0192 


1.1528 
.0157 
1.4 

.5975 
.0145 


.3425 
.0117 


.5576 
.0149 


1.9217 
.0080 
.4ofl 

.6736 
.0072 
1.1 

.4537 
.0072 
1.6 

.4590 
.0061 
1.4 


.0126 
.7ofl 

1.5947 
.0987 
6 


1.0996  ,2. 
.4847    2. 

1.7313 


NiTSOQES 
AS 


.006 
.014 


.007 
.013 


.007 
.006 


.6763 


2.1823 
.6257 
24 

1.8809 
.3923 
21 

1.8269 
.1667 
9 

2.6328 
.0571 
2 

4.7817 
.0092 
.2ofl 

2.5715 
.0075 
.3ofl 

2.7025 
.00751 
.3ofl 

2.7190 
.0069 
.3ofl 


:.811,    .008 
L39       .018 


37  |l    .007 
47,1    .116 


was 


.0004  i35' 


.0003!  39* 


.0026    49' 


31   ■    .0'^8    .00061      - 
67,12.0od    .0499     61° 


77       .007 
59'  1.319 


561     .009 
17  I  1.166 


.818 


.792 


.784 


.0003       - 
.0388     63* 


.0001  '    - 
.0086,  70" 


.0000 1|    - 

.OOOO;   67* 


.0000 1     - 

.0000;' 5r 


.0000" 
.0000 


.0000 
.0000 


4S*I 


10,433 


721 


2,77« 
1,09S 

170 


151 


157 


368 
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Monthly  Averages  of  Daily  Results  tvilh  Tank  No.  2. 


Date. 


XoT.20-Dec.26» 
January,    . 


Dec.  27-Jan.  20, 
February, . 


Jftn.  21-Mar.  15, 
March, 


Mar.l0-Apr.l9, 
April, 


Apr.90.1Cayl2. 
May,  .       . 


ICay  IS-Jane  10, 
Jnne, . 


Jane  ll-Jnly  17, 
July, . 


Jalyl8-Ang.l2, 
August,     . 


ADg.13-^pt.lO, 
tkptemlMr, 


8«pt.20-Oct.l7, 
October,    . 


«3 


'  Rksiduk  on 

[EVAFO  RATION, 


Ml 


Sewage,  . 

BlflueDt, . 
Per  cent.. 

Sewage,  . 
Bfflaent, . 
Percent., 

Sewage,  . 

Effluent, . 
Per  ceui., 

Sewage,  . 
Effluent, . 
Per  cent.. 

Sewage,  . 
Effluent, . 
Per  cent.. 

Sewage, . 
Effluent, . 
Per  cent.. 

Sewage,  . 
Effluent, . 
Per  cent.. 

Sewage,  . 
Effluent, . 
Per  cent.. 

Sewage,  . 
Effluent, . 
Per  cent.. 

Sewage,  . 
Effluent, . 
Per  oent., 


03 

' 15.13 

!   .62 

1  * 

57 

' 11.66 
1.03 
8 

120 

10.89 
1.08 
10 

198 

13.03 
1.34 

iio 

137 

14.53 
1  1.00 
8 

113 

17.66 
1.89 
U 

185 

26.04 
2.36 
9 

lao 

23.25 

.83 

3.6 

167 

29.16 
1.80 
6 

180 

26.07 

~ 

~ 

20.62 
67 

25.92 
18.46 
71 

19.83 
18.79 
95 

27.07 
28.07 
104 

23.16 
30.54 
182 

24.98 
27.26 
109 

27.70 
24.10 
87 

89.82 
19.93 
50 

36.13 
26.40 
73 

29.89 


1.0977 
.0008 
.07ofl 

1.1940 
.0006 
.07ofl 

1.1871 
.0009 
.08ofl 

1.8320 
.0201 
1.1 

' 2.1567 
.0010 

i  •'"" 

2.0311 
.0020 
.lofl 

2.5040 
.0020 
.Ion 

I  2.1018 
.0008  ' 
.04ofl 

1.7433 

.0013 

.07on 

I 

1.9545 

I  .0044 
tofl 


.3331 

.0060 

1.8 

.2720 
.0059 
2.2 

.2871 
.0077 
2.7 

.4507 
.0095 
2.1 

.4211 
.0098 
2.3 

.4633 
.0104 
2.2 

.fttOO 
.0094 
1.5 

.5800 
.0074 
1.3 

.7300 
.0078 
1.1 

.7818 
.0090 
1.2 


1.4308 

.0068 
.5ufl 

1.4660 
.0067 
.5ofl 

1.4742 
.0OS6 
.6ofl 

2.2827 
.0296 
1.3 

2.5n8 
.0117 
.5ofl 

2.4944 
.0124 
.5ori 


3.14401  5.71 
0114  '  5.96 
4ofl  I     - 


4.62 
4.19 


4.36 
I  4.00 


I  3.64 
3.62 


5.98 
6.U6 


I   NrrROOBN 


4.36 

4.8U 


4.33 
4.63 


.011 
.762 


.020 
.736 


.022 
.661 


.008 
1.713 


4.97 

4.48 


2.6818  il 
.0082 ,, 
.3of  1 


2.4733  ,  6.29 
,0091  !  7.77 
4ofl 

2.7863  I!  4.85 
0134  „  5.18 
.5ofl        - 


.004 
12.256 


.000 
1.638 


.000: 
1.000 


.000 
.504' 


.0000 
.0000 


.0004 
.0000 


.0127 
.0001 


.0011 
.0081 


.0000 
.0010 


.0000 
.0002 


45« 


58* 


64" 


.000 
.864' 


.001' 
1.376, 


.OOOO'l    - 
.0000,  68* 


.00001      - 
.0000'  68* 


.0002 
.0000     66* 

-    I,     - 

i| 

.0002,     - 
.0006,  66' 


13 

i-l 

ill 

^4 


23 


57 


88 


57 


This  table  gives  for  each  month  the  mean  daily  quantity  of  effluent, 
the  mean  of  the  chemical  analyses  of  the  effluent  and  of  the  sewage 
from  which  the  effluent  for  each  month  was  derived,  and  the  per- 
centage which  the  former  is  of  the  latter.  The  average  number  of 
bacteria  found  in  a  cubic  centimeter  of  the  effluent,  by  semi-weekly 
observations  for  each  month,  is  also  given. 

The  daily  quantity  which,  at  the  same  rate,  would  have  been  fil- 
tered upon  an  acre  may  be  determined  by  multiplying  the  daily 
quantity  by  two  hi^ndred. 

The  time  from  the  application  of  sewage  to  its  appearance  at  the 
outlet  may  be  determined  by  dividing  2,275  by  the  daily  quantity 
filtered.  This  varied,  in  the  last  year,  from  40  days  in  February  to 
12  days  in  April  and  October. 
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In  May,  1888,  the  sum  of  ammonias  of  the  effluent  averaged  0.5257 
parts,  which  was  24  per  cent,  of  those  of  the  sewage,  the  free  am- 
monia being  0  5100  and  the  albuminoid  ammonia  0.0157  parts,  the 
former  50  per  cent,  and  the  latter  1 .4  per  cent,  of  those  of  the 
sewage.  In  this  month  the  nitrates  increased  a  little  and  averaged 
0.116  parts. 

Ammonias  continued  High  for  Three  Weeks  after  Nitrifica- 
tion WAS  Active  and  then  rapidly  decreased. 

In  June  the  quantity  of  sewage  applied  was  150  gallons  daily  until 
June  17,  after  which  it  was  100  gallons.  The  ammonias  continued 
nfearly  constant  for  three  weeks,  while  the  nitrates  increased  to  their 
highest  point.  The  ammonias  in  this  time  averaged  0.4626  part^, 
and  afterwards  fell  to  0.2460  parts,  at  the  end  of  the  month,  —  aver- 
aging for  the  month  0.3923  parts,  or  21  per  cent,  of  those  of  the 
sewage  ;  and  the  nitrates  averaged  2.056  parts  and  the  nitrites  0.0499 
parts. 

In  this  month  the  total  amount  of  nitrogen  in  the  effluent,  deter- 
mined as  for  Tank  No.  1 ,  exceeded  the  total  amount  of  nitrogen  applied 
in  the  sewage  by  9  per  cent.,  —  this* excess  being  derived  from  ni- 
trogenous matter  previously  stored  in  the  sand.  In  this  month  94 
per  cent,  of  as  much  nitrogen  as  was  applied  came  away  in  the  efflu- 
ent as  nitrates.  After  this  remarkably  complete  nitrification,  the 
ammonias  of  the  effluent  grew  less  month  by  month,  for  the  next 
four  months,  —  July  to  October,  —  during  which  the  amount  filtered 
daily  was  nearly  constant  and  averaged  18,500  gallons  per  acre. 
The  free  ammonia  in  the  successive  months  was  as  follows :  July, 
0.1550  parts,  or  10  per  cent,  of  that  of  the  sewage ;  August,  0.0422 
parts,  or  2  per  cent. ;  September,  0.0012  parts,  or  one  twenty-fifth 
of  one  per  cent. ;  and  in  October,  0.0003  parts,  or  one-fiftieth  of 
one  per  cent,  of  that  of  the  sewage. 

The  albuminoid  ammonia  was  as  follows  :  July,  0.0117  parts,  or  3 
per  cent,  of  that  of  the  sewage ;  August,  0.0149  parts,  or  3  per 
cent. ;  September,  0.0080,  or  0.4  of  one  per  cent. ;  and  October^ 
0.0072,  or  1.1  per  cent,  of  that  of  the  sewage. 

Influence  op  the  Condition  of  the  Subface  upon 
Nitrification. 
During  these   four  months,  while  the  ammonias  were  growing 
rapidly  less, — until  the  nitrogenous  organic  matter  in  the  effluent 
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became  less  than  in  most  of  the  drinking  waters  in  the  State,  — the 
nitrates  were  decreasing.  They  were  in  July  1.319  parts  per  100,- 
000;  in  August,  1.156  parts;  in  September,  0.818  parts;  and  in 
October,  0.792  parts.  These  were  generally  lower  than  the  nitrates 
of  Tank  No.  1,  especially  in  September.  This  was  probably  due  to 
the  choking  up  of  the  surface  of  the  tank,  by  which  the  sewage 
remained  longer  upon  the  surface  after  it  was  applied.  From  the 
middle  of  July  to  the  middle  of  August  th6  time  which  the  sewage 
remained  on  the  surface  increased  from  2  hours  to  24  hours,  much 
rain  falling  upon  the  tank  in  the  latter  month ;  and  about  the  middle 
of  September,  after  heavy  rains,  the  surface  was  kept  covered  with 
water  for  several  days. 

To  change  this  condition  the  application  of  sewage  was  changed, 
after  September  15,  from  100  gallons  applied  daily  to  200  gallons 
applied  every  second  day,  except  when  this  day  was  Sunday  the  • 
application  was  made  on  the  third  day.  This  gave  more  time  for 
the  surface  to  dry  between  applications  and  allowed  more  air  to 
enter  the  sand,  but  before  the  end  of  October  sewage  and  rain-water 
were  standing  upon  the  surface  of  the  tank  all  of  the  time,  and  in 
the  first  four  days  of  November  no  sewage  was  applied  ;  and  after  this 
150  gallons  were  applied  until  the  4th  of  March,  1889,  with  the 
same  intervals  with  which  200  gallons  had  been  previously  applied. 

The  following  table  contains  the  percentage  of  nitrogen  applied 
in  the  sewage,  which  appears  in  the  efBuent  as  nitrates  from  June, 

1888,  —  the  first  month  after  nitrification  began,  — through  October, 

1889.  The  total  nitrogen  of  the  sewage  itas  determined  by  taking 
0.82  of  the  free  ammonia,  plus  two  times  0.82  of  the  albuminoid 
ammonia,  plus  the  nitrates ;  and  the  readings  of  nitrates  in  the 
effluent  are  corrected  for  the  variation  between  the  quantities  of 
liquid  applied  and  liquid  drawn  ofiT,  due  to  variations  in  rainfall  and 
evaporation. 
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Perceiitage  of  Nitrogen  applied  in  the « Sewage  that  appears  in  the  Effluent  as 

Nitrates. . 


Nitrogen 
applied  In 
Sewage. 

Nitrates 
In  Effluent 

for 
Quantity. 

Per  Cent. 

of 
Nitrogen 
applied. 

Average 

d.uly 
Quantity. 

QaUona. 

TSMPERATUXS. 

DATS. 

Sewage. 

EfflocoL 

1888. 

June 

2.0452 

1.919 

94 

117 

ber 

1 

cr 

July.        . 

n 

1.7859 

1.212 

68 

85 

68- 

es- 

AugUAt,     . 

2.e242 

1.021 

30 

97 

70" 

70" 

September, 

5.4558 

.776 

U 

95 

70' 

1       ^ 

October,  . 

2.«eio 

.912 

34 

93 

61' 

5r 

November, 

2.5881 

.999 

39 

69 

47* 

;    ^^• 

December, 

2.e0fl0 

.750 

29 

59 

45' 

43- 

January,  . 

1889 

. 

1.4574 

.705 

48 

68 

44- 

40* 

February, 

1.4456 

.788 

55 

57 

1       45* 

39* 

March.      . 

1.4790 

.607 

41 

129 

1       '"" 

38- 

April,       . 

2.2505 

1.654 

73 

198 

41* 

45* 

May.         . 

2.4631 

2.364 

96 

137 

54' 

5S* 

June, 

2.4253 

1.760 

73 

113 

63- 

64* 

July, 

8.1029 

.871 

28 

135 

71- 

65- 

August,    . 

2.6747 

.670 

21 

120 

71- 

68* 

September, 

2.6260 

.835 

32 

167 

70- 

66* 

October,  . 

2.8860 

1.345 

.  47 

189 

57' 

iff 

The  percentage  of  nitrates  in  September,  1888  ^'as  well  as  the  per- 
centage of  ammonias  of  this  month  previously  given,  are  smaller 
than  they  would  have  been  but  that  two  or  three  samples  of  the 
sewage  applied  were  very  much  higher  in  nitrogenous  matter  than 
usual,  and  a  filter  cannot  quickly  adapt  itself  to  exceptional  con- 
ditions. 

Other  conditions  that  may  have  affected  the  nitrification  are  the 
following  :  In  July,  1888,  there  were  ten  small  tufts  of  grass  grow- 
ing on  this  tank,  and  the  surface  became  greenish  to  the  depth  of 
one-sixteenth  to  one-eighth  of  an  inch.  This  was  not  a  covering 
upon  the  sand  that  would  curl  up  when  dry,  as  in  some  of  the  tanks, 
but  was  in  the  sand  to  this  depth. 

Obstruction   of   the    Surface   removed   by   Oxidation   upon 

REDUCING   THE   QUANTITY  OF   SeWAGE. 

The  surface  of  the  filter  had  not  been  disturbed  since  the  ice  was 
cut  from  it  in  February,  and  it  was  left  undisturbed  for  the  year  fol- 
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lowing  to  demonstrate  whether  it  would  clear  itself  of  any  obstruc- 
tions that  might  accumulate  under  peculiar  circumstances.  The  un- 
usual rainfall  of  13.66  inches  in  September  and  October,  1888,  helped 
to  keep  the  surface  continually  wet,  and  interfered  with  intermittent 
action  of  the  filter,  and  prevented  the  removal  of  obstructions  by 
oxidation.  The  resulting  effluent  was,  however,  remarkably  pure 
during  all  this  time ;  but  the  quantity  to  which  it  was  found  neces- 
sary, with  this  condition  of  the  surface,  to  reduce  the  amount 
filtered  was  smaller  than  desirable.  It  averaged  for  the  next  four 
months  —  November  to  February  — 12,400  gallons  per  acre  per 
day. 

Quantity  of  Sewage  increased. 

At  the  end  of  February,  1889,  the  tank  had  cleared  itself  of  ob- 
structions at  the  surface  so  completely,  and  the  effluent  was  so  pure, 
that  on  March  6  the  quantity  was  doubled,  and  averaged  for  March 
25,800  gallons  per  acre  per  day ;  and  was  still  further  increased  on 
the  27th  of  March,  and  averaged  for  April  39,600  gallons  per  acre 
per  day,  —  the  quantities  applied  being  450  gallons  on  every  other 
day  except  Sunday.  This  quantity  at  first  disappeared  readily,  but 
was  at  last  found  to  keep  the  surface  covered  with  water  all  of  the 
time  when  accompanied  by  rain ;  and  after  May  15  was  reduced  to 
300  gallons,  —  the  average  quantity  filtered  for  May  being  27,400 
gallons  per  acre  per  day.  This  quantity  applied  was  continued  for 
four  months,  till  the  middle  of  September,  when  it  was  increased  to 
500  gallons  applied  on  three  days  in  each  week ;  and  this  quantity 
was  continued  through  October,  making  the  average  quantity  filtered 
in  June,  July  and  August,  1889,  24,500  gallons  per  acre  per  day; 
in  September,  33,400  gallons ;  and  in  October,  37,800  gallons  per 
acre  per  day. 

In  June,  1889,  a  green  slime  was  observed  on  the  surface  of  the 
sand,  which  in  July  curled  up  in  places  when  dry.  This  was,  in  the 
following  months,  somewhat  of  an  obstruction  to  the  entrance  of 
sewage ;  but,  without  any  disturbance  of  the  surface  or  removal 
of  deposit,  this  tank  filtered  three  times  as  much  sewage  at  the  end  of 
the  second  year  as  at  the  end  of  the  first,  with,  as  will  be  seen,  nearly 
as  satisfactory  purification. 

Early  in  June,  1889,  about  one-tenth  of  the  surface  was  covered 
with  grass ;  by  the  first  of  July  about  three-quarters  of  the  sur- 
face was  covered ;  and  by  the  last  of  August  the  whole  surface  was 
covered  with  rank,  tall  gmss.  This  was  cut  from  one-half  of  the 
surface  on  October  26. 
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Nitrification  active  through  the  Winter. 

Referring  to  the  table,  we  see  the  percentage  of  nitrogen  applied 
in  the  sewage  that  appears  in  the  effluent  as  nitrates  decreased  from 
94  per  cent,  in  June,  1888,  to  39  per  cent,  in  August.  The  per- 
centage in  September  was  exceptionally  low,  — 14  per  cent.,  —  for 
the  reason  previously  given.  It  then  continued  through  October 
and  November  at  34  and  39  per  cent.  In  the  four  cold  months, 
December  to  March,  the  percentages  were  29,  48,  55  and  41, 
averaging  43,  —  which  is  higher  than  for  any  of  the  previous  four 
months. 

As  stated  in  giving  an  account  of  Tank  No.  1,  the  winter  of 
1888-89  was  not  as  cold  as  usual;  and  this  tank,  like  No.  1,  was 
covered  with  canvas  to  keep  out  the  snow  from  November  22  to 
March  13.  The  sewage  was  applied  for  three  months  at  a  tempera- 
ture but  one  or  two  degrees  below  that  in  the  sewer,  and  the  efflu- 
ent averaged  41°  ;  but  in  the  fourth  month  the  temperature  of  applied 
sewage  was  from  33°  to  41°,  and  that  of  the  effluent  from  37^  to 
40°,  averaging  3b°,  —  which  was  lower  than  the  temperature  at 
which  in  the  previous  winter  nitrification  began.  Still,  nitrification 
being  in  progress,  we  find  that  it  continued  efficiently  with  the  sew- 
age and  the  effluent  at  as  low  temperatures  as  they  are  ever  likely  to 
bo  found  in  sewage  fields  in  this  climate,  provided  snow  is  kept  from 
the  surface.  The  nitrogen  as  nitrates  in  the  effluent  at  this  very  low 
temperature  of  38°  averaged  for  the  month  of  March  0.661  parts 
in  100,000,  and  amounted  to  41  per  cent,  of  the  total  nitrogen 
applied ;  and  the  ammonias  amounted  to  but  six-tenths  of  one  per 
cent,  of  the  ammonias  of  the  sewage. 

Nitrification  increases  in  the  Spring. 

With  the  opening  of  spring  the  nitrates  of  the  effluent  increased, 
and  their  percentage  of  the  total  nitrogen  applied  rose  as  follows: 
in  April,  nitrates,  1.713  parts  per  100,000  or  73  per  cent. ;  in  May, 
2.256  parts  or  96  per  cent. ;  and  in  June,  1.638  parts  or  73  per  cent., 
of  the  total  nitrogen  applied  in  the  sewage. 

In  July  the  rainfall  amounted  to  7.04  inches ;  and  the  green  slime 
upon  the  surface,  being  thus  kept  wet  between  applications  of  sewage, 
interfered  with  the  entrance  of  air  into  the  sand  and  with  the  com- 
pleteness of  nitrification.  The  nitrates  decreased  from  July  3  to 
August  3,  1889,  from  1.5000  parts  to  0  2700  parts  per  100,000,— 
averaging,  for  the  month  of  July,  1.0000  parts,  —  and  were  28  per 
cent,  of  the  total  nitrogen  of  the  sewage  applied. 
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In  the  three  following  months,  with  the  increasing  quantities 
filtered,  viz.,  120,  167  and  189  gallons  per  day,  the  nitrates  increased 
as  follows  :  0  504  parts,  0.864  parts  and  1.376  parts,  —  which  were 
21,  32  and  47  per  cent,  of  the  total  nitrogen  of  the  applied  sewage. 
In  these  three  months,  with  from  30  per  cent,  to  100  per  cent,  more 
sewage  filtering,  the  nitrification  was  more  complete  than  in  the 
corresponding  months  of  the  previous  year. 

For  the  year,  November,  1888,  through  October,  1889,  the  nitro- 
gen in  the  nitrates  of  the  efliuent  averaged  1.104  parts  per  100,000, 
— which  was  48  per  cent,  of  the  total  nitrogen  of  the  sewage. 

PURIFICATIOX   DURING   THE    SECOND   YeAR. 

The  ammonias  of  the  efiluent  of  Tank  No.  2  have  been  very  low 
during  the  second  year  of  its  use,  from  Nov.  1,  1888,  to  Nov.  1, 
1889.  The  free  ammonia  by  monthly  averages  has  varied  from  one 
one-hundredth  of  one  per  cent,  to  one  and  one-tenth  per  cent,  of 
that  of  the  sevvage,  and  avemged  for  the  year  but  0.0030  parts  per 
100,000,  or  one-sixth  of  one  per  cent,  of  that  of  the  sewage.  The 
albuminoid  ammonia  varied  from  1.1  per  cent,  to  2.7  per  cent., 
and  averaged  for  the  year  0.0080  parts  per  100,000,  or  1.8  per 
cent,  of  that  of  the  sewage ;  and  the  sum  of  the  ammonias  averaged 
but  one-half  of  one  per  cent,  of  the  sum  of  the  ammonias  of  the 
sewage. 

This  tank  of  fine  sand,  after  it  had  filtered  40,000  gallons  of 
sewage,  or  the  equivalent  of  8,000,000  gallons  on  an  acre,  filtered 
in  the  second  year  44,000  gallons  of  sewage,  or  the  equivalent  of 
8,800,000  gallons  on  an  acre,  and  removed  therefrom  99^  per  cent, 
of  all  of  the  organic  matter  as  indicated  by  the  ammonias  without 
having  the  sand  of  the  filter  disturbed,  or  sediment  removed  from 
the  surface,  or  in  any  way  cleaned  except  the  cleaning  produced  by 
oxidation  and  nitrification. 

Purification  during  the  Winter,  1888-89. 

During  the  cold  months  of  the  year, — December,  1888,  to  March, 
1889, — the  free  ammonia  averaged  0.0007  parts,  or  one-sixteenth  of 
one  per  cent,  of  that  of  the  sewage;  the  albuminoid  ammonia 
averaged  0  0065  pai*ts,  or  2  per  cent,  of  that  of  the  sewage ;  and 
the  nitrogen  of  the  nitrates  0.73()  parts,  or  41  per  cent,  of  the  total 
nitrogen  of  the  applied  sewage. 

The  purification  from  nitrogenous   organic   matter  was.  during 
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these  cold  months,  such  as  to  leave  the  effluent  containing  less  of 
such  matter  than  the  waters  of  Lake  Winnipiseogee. 

The  loss  on  ignition  obtained  during  May,  June  and  July,  1888, 
was  of  no  significance  for  reasons  given  in  considering  Tank  No.  1. 
During  the  last  year  the  loss  on  ignition  has  varied  from  0.62  parts 
per  100,000  to  2.36  parts,  and  has  averaged  1.27  parts,  —  which  is 
7  per  cent,  of  that  of  the  sewage.  If  from  this  average  loss  on 
ignition  we  should  deduct,  as  appears  proper  from  Mr.  Hazen's 
report  appended,  0.60  parts  per  100,000  there  would  remain  0.67 
parts,  —  which  is  4  per  cent,  of  that  of  the  sewage,  and  is  2.2 
times  the  percentage  which  the  albuminoid  ammonia  of  the  effluent 
is  of  the  albuminoid  ammonia  of  the  sewage.  Since  Aug.  1,  1888, 
the  losses  on  ignition  in  the  effluent  from  all  of  the  tanks,  as  well 
as  of  the  sewage,  have  been  determined  with  sodium  carbonate,  as 
described  under  Tank  No.  1.  During  the  cold  months  the  loss 
on  ignition  of  the  effluent  as  determined  was  0.86  parts  per  100,000, 
or  6  per  cent,  of  that  of  the  sewage.  Deducting  as  before  0.6O 
parts,  it  would  be  0.26  parts   or  2  per  cent,  of  that  of  the  sewage. 


Summary  of  Results  in  the  Cold  Months  of  1888-89  compared  with  the  Year, 
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The  effluent  from  the  filter  contained  less  impurities  in  the  winter 
months  than  the  average  for  the  year,  but  the  sewage  during  the 
winter  also  contained  less  impurity  than  through  the  year ;  still,  the 
degree  of  purification  was  nearly  as  great  through  the  winter — when 
more  than  99^  per  cent,  of  all  of  the  nitrogenous  organic  matter  was 
removed  —  as  during  the  year. 


Digitized  by 


Google 


FILTRATION  OF  SEWAGE.  255 

This  result  confirms  the  conclusion  made  with  Tank  No.  1,  that 
purification  by  nitrification  with  intermittent  filtration  is  entirely 
practicable  in  this  climate^  if  snow  is  kept  from  the  filtering  area. 

The  fixed  residue  of  the  efliuent  increases  with  the  nitrification ; 
becoming  at  times  of  greatest  nitrification  larger  in  amount  than  in 
the  sewage.  It  has  varied  during  the  last  year  from  18.46  pai*ts  to 
30.54  parts,  —  averaging  23.42  parts,  or  82  per  cent,  of  that  of  the 
sewage. 

The  chlorine  in  the  sewage  has  varied  by  monthly  averages  from 
2.S4  to  8.40  parts  per  100,000 ;  and  the  variations  at  diflferent  hpurs 
in  the  same  day  have  been  even  wider  than  this.  The  average  for 
the  past  year  has  been  4.91  parts,  and  the  average  chlorine  of  the 
effluent  for  the  same  time  has  been  4.94  parts.  From  this  it  will  be 
seen  that,  though  this  sand  retained  some  chlorine  for  a  time  when 
it  first  came  through,  there  is  no  reason  to  think  that  any  of  the 
chlorine  now  applied  is  retained  in  the  sand ;  in  fact,  if  we  multiply 
the  average  chlorine  observed  each  month  in  the  sewage  and  in  the 
effluent  by  the  quantity  of  sewage  applied  and  by  the  quantity  of 
effluent  respectively,  it  will  appear  that  about  2  per  cent,  more 
chlorine  came  away  from  the  tank  than  was  applied  to  it  during  the 
past  year.  We  can  safely  conclude  that  no  change  in  the  quantity 
of  chlorine  is  caused  by  this  filter. 

The  Amount  of  Nitrogen  stored  in  the  Filter  and  the 

Amount  lost. 
We  have  found  that,  during  the  last  year,  48  per  cent,  of  the 
nitrogen  of  the  sewage  appears  in  solution  in  the  effiuent ;  and  there 
is  about  1  per  cent,  more  of  nitrogen  indicated  by  the  ammonias. 
We  have  now  to  seek  for  the  remaining  51  per  cent,  to  determine 
under  what  conditions  and  how  much  of  it  has  been  stored  in  the 
sand,  and  how  much  has  been  lost. 

The  total  nitrogen  applied  to  the  tank,  and  the  amounts  found  in 
the  effluent  and  in  the  sand,  have  been  determined  as  described 
under  Tank  No.  1. 

The  quantities  of  nitrogen  found  at  different  dates,  stored  in  the 
sand  at  several  points  from  top  to  bottom,  have  been  plotted  and 
the  total  quantity  in  the  tank  determined.  From  these  plottings  the 
following  table  has  been  made,  giving  the  quantity  of  nitrogen  in 
parts  per  100,000  of  the  weight  of  the  dry  sand  for  the  diflferent 
dates  at  the  several  depths  :  — 
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From  the  plottings  the  total  quantity  stored  in  the  tank  at  differ- 
ent dates  has  been  determined,  and  the  results  together  with  the 
amounts  applied  and  the  amounts  that  came  off  in  the  ef&uent  are 
placed  in  the  following  table  :  — 

Summary  of  total  nitrogen  applied  to  Tank  No.  2  for  several  periods  bettceen 
Jan.  1, 18S8,  and  Nov.  1,  1889 ;  the  amount  which  came  off  in  the  effluent 
and  the  ammcnt  stored  in  the  tank;  together  unth  a  balance  unaccounted  for. 


' 

From    Jan. 
1,  I88H,  to 
Dec.1,1888. 
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Per  Cent,  of 
Nitrogen 
applied. 

'5^ 

Amoant  of  Ditrogen  applied, 
Amount  came  off  In  effluent. 
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_ 
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39 

Difference 

Amount  atoretl  In  tank, 

5.34 
2.94 
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1.10 
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8.17 
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,      1.92 

1 

24 

Amoant  not  accounted  for,   . 

.60 

37 

From  June 
1.  1888,   to 
NOV.1.18K9. 
Pounds. 

III 

<    16.42 

- 

6.81 

41 

t      9.61 

- 

4.60 

28 

1      5.01 

81 

In  the  year  1888,  32  per  cent,  of  the  nitrogen  applied  in  the 
sewage  came  off  in  the  effluent;  in  1889,  51  per  cent,  thus  came 
off;  and,  in  the  whole  time,  41  per  cent.  During  the  six  months, 
including  the  spring  nitrification,  67  per  cent,  came  off;  and  in  the 
month  of  highest  nitrification  —  May  —  97  per  cent,  came  off. 

The  amount  stored  in  the  tank  the  first  year  was  37  per  cent,  of 
the  whole  amount  applied ;  in  the  second  year,  20  per  cent. ;  and, 
in  the  whole  time,.  28  per  cent.  During  the  six  months  including 
the  spring  the  amount  stored  was  but  12  per  cent,  of  the  amount 
applied. 

The  amount  unaccounted  for  the  first  year  was  31  per  cent,  of  the 
amount  applied.     It  was  the  same  percentage  in  the  second  year; 
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and,  consequently,  for  the  whole  time.    It  was  but  21  per  cent,  dur- 
ing the  six  months  including  the  most  complete  nitrification. 

Until  we  learn  better  we  shall  regard  this  quantity  of  nitrogen  as 
having  escaped  into  the  air. 

Where  in  the  Filter  is  the  Stored  Nitrogen? 

By  examining  the  table  of  total  nitrogen  found  in  the  sand,  and 
the  diagrams  from  which  it  was  made,  we  find  that  above  a  depth  of 
nine  inches  the  amount  stored  has  continually  increased  during  the 
second  year,  and  that  below  this  depth  the  amount  has  as  steadily 
decreased. 

The  cleansing  process  goes  on  more  efficiently  in  the  lower  four 
feet  of  the  tank  than  in  the  upper  nine  inches.  Three-quarters  of 
all  the  nitrogen  that  was  stored  in  the  sand  in  the  lower  four  feet, 
at  the  end  of  the  first  year,  has  been  removed  by  the  cleansing 
process  of  nitrification  during  the  second  year.  There  has  also  been 
a  decrease,  in  the  last  eight  months,  in  the  amount  stored  at  eight 
inches  below  the  surface ;  and  an  increase  of  only  one-sixth  at  a 
depth  of  four  inches ;  but  above  this,  and  particularly  in  the  upper 
inch,  there  has  been  a  decided  increase. 

It  must  be  borne  in  mind  that  the  surface  of  this  tank  has  not 
been  raked  over,  or  in  any  way  disturbed,  during  the  past  eigh- 
teen months,  in  which  70,000  gallons  of  sewage,  the  equivalent  of 
14,000,000  gallons  on  an  acre,  have  been  poured  on  this  surface. 

The  amount  of  nitrogen  applied  here  in  the  sewage,  during  the 
tea  months  of  1889,  has  been  8.49  pounds;  and  2.13  pounds,  or 
one-quarter  as  much,  still  remains  on  the  surface  and  in  the  upper 
inch  in  depth  of  the  sand. 

Below  a  plane  five-eighths  of  an  inch  under  the  surface  there  is 
no  more  nitrogen  stored  in  the  sand  than  there  was  at  the  end  of  the 
first  year;  and,  if  the  upper  five-eighths  of  an  inch  of  sand  were 
taken  away  and  replaced  once  in  two  years,  it  is  evident  that  this 
filter  would  continue  indefinitely  to  filter  as  efficiently  as  during  the 
past  twelve  months  the  equivalent  of  8,800,000  gallons  of  sewage 
on  an  acre  in  a  year.  But  there  are  indications  that  it  can  do  better 
than  this.  It  is  evident,  from  the  data  presented,  that  the  cleansing 
process  of  oxidation  goes  on  more  completely  in  the  lower  part  of 
this  tank  than  in  the  upper  few  inches ;  and  it  is  probable  that,  if 
the  upper  six  inches  be  occasionally  worked  over  and  the  surface 
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turned  under  by  plowing,  the  organic  matter  deposited  on  the  sur- 
face will  be  more  completely  burned  up  than  if  allowed  to  remain 
upon  the  surface.  It  will  also  be  seen  that  in  September,  1889,  the 
purification  by  this  filter  was  nearly  as  complete,  when  60  per  cent, 
more  sewage  was  filtering,  as  in  September,  1888.  The  comparison 
in  October  cannot  be  justly  made,  because  after  Oct.  11,  1889,  a 
trap  was  on  the  outlet  drain,  which  appears  to  have  inteHered  with 
action  in  the  lower  layer  of  the  sand  which  ordinarily  receives  air 
from  the  outlet. 

The  effluent  from  Tank  No.  2  has,  for  the  seventeen  months  since 
nitrification  began,  generally  been  clear,  bright,  colorless  water, 
looking  like  an  excellent  quality  of  spring  water. 

The  chemist's  notes  indicate,  on  one  or  two  days  of  some  months, 
a  very  slight  turbidity  and  very  slight  sediment,  but  no  color. 

Microscopical  Examination  of  the  Effluent  of  Tank  No.  2. 

From  June  to  December,  1888,  the  number  of  organisms  found 
at  different  times  upon  a  fine  cloth,  through  which  five  gallons  of 
effluent  had  been  strained,  was  counted.  On  one-half  of  the  days 
when  examinations  were  made  no  organisms  were  found.  On  two 
occasions,  Leptothrix  was  found  to  the  number  of  4  and  5; 
Crenothrix  was  found  once  to  the  number  of  5 ;  Synedra  once  to 
the  number  of  5,  and  once  a  pair  of  yeast  cells  was  found.  These 
are  the  only  vegetable  forms  that  were  found.  Of  the  animal  forms, 
Monas  was  found  four  times,  the  number  averaging  42.  Other 
animal  forms  were  found  but  once  each,  and  were  Trachelomonas  10, 
Leganella  10,  Actinophrys  10,  Arcella  3,  and  Monostyla  2. 

Since  December,  1888,  no  vegetable  forms  have  been  found  except 
at  one  time  a  few  spores,  which  at  that  time  seemed  to  pet*vade  all 
of  our  liquids,  and  zoogloea  found  on  three  occasions.  But  one 
animal  form,  an  infusorian,  was  once  found.  From  the  extremely 
small  numbers  of  microscopic  organisms  found,  and  the  long  inter- 
vals when  none  were  observed  in  the  effluent,  it  is  not  probable  that 
they  are  carried  through  the  filter.  Upon  examining  samples  of  the 
sand  taken  at  different  depths  from  top  to  bottom  on  Nov.  7,  1889, 
no  microscopic  organisms  were  found  below  the  surface ;  but  clots 
of  bacterial  zoogloea  were  found  in  slowly,  diminishing  numbers, 
but  quite  abundant  at  five  feet  below  the  top.  Every  sand  grain 
examined  appeared  spotted  or  coated  with  zooglcaa. 
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Bacteria  in  Effluent  from  Tank  No,  2. 

By  referring  to  the  table  of  Monthly  Averages  of  Daily  Results 
with  Tank  No.  2,  we  get  a  general  view  of  the  number  of  bacteria 
found  in  this  effluent  at  different  times  in  the  past  two  years. 
The  largest  numbers,  averaging  10,433  per  cubic  centimeter,  were 
found  in  the  first  month,  January,  1888.  They  decreased  to 
1,092  in  April ;  and  after  nitrification  began  the  numbers  were 
much  smaller,  being  between  100  and  200 ;  and  after  the  ammonia 
of  the  effluent  was  reduced  to  that  of  good  drinking  water  the 
numbers  became  less  than  100;  and  for  the  last  twelve  months 
have  averaged  21  per  cubic  centimeter.  In  five  of  these  months 
they  averaged  but  7. 

Looking  for  the  conditions  under  which  changes  occurred,  we 
must  turn  to  the  table  of  daily  records  of  bacteria  and  of  daily 
chemical  analyses  to  be  found  at  the  end  of  this  section. 

The  number  of  bacteria  found  in  the  sewage  may  be  seen  with 
tables  of  Tank  No.  1. 

The  number  of  bacteria  found  in  the  effluent  of  No.  2  has  varied 
as  follows :  When  water  containing  54  bacteria  per  cubic  centi- 
meter was,  in  December,  1887,  filtering  through  this  tank  at  the  rate 
of  1,000  gallons  a  day,  the  number  of  bacteria  in  the  effluent  was 
6  per  cubic  centimeter.  When  sewage,  with  its  half  a  million 
bacteria,  more  or  less,  in  a  cubic  centimeter,  began  to  reach  the 
outlet,  the  number  of  bacteria  increased  from  3,  on  December  30, 
to  6,618,  on  January  3  ;  and,  while  sewage  was  mingling  with  the 
original  water  in  the  mmd,  the  number  increased  to  16,000  by  Jan- 
uary 11 ;  after  which  it  fell,  slowly  at  first  and  then  more  rapidly, 
till  February  2,  when  the  number  was  but  10. 

Such  a  rise  in  the  number  of  bacteria,  followed  by  a  marked  fall, 
is  to  be  found  in  nearly  all  of  the  tanks  which  have  filtered  sewage  ; 
and  the  most  reasonable  explanation  that  has  been  found  is  in  the 
fact  that  the  rise  occurred  when  sewage  was  mingling  with  the  water 
previously  in  the  tank,  and  the  fall  began  when  sewage  had  taken 
full  possession  of  the  tank.  When  the  number  was  rising,  the 
sewage,  bringing  large  numbers  of  bacteria,  mingled  with  water 
containing  absorbed  oxygen  and  oxygen  brought  down  from  the 
surface,  which  served  to  prevent  the  death  of  all  of  the  bacteria  and 
allowed  four  per  cent,  of  them  to  live  through  the  passage  of  the 
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sand ;  but  when  the  water  had  been  expelled,  and  some  of  the 
oxygen  entering  the  tank  from  the  top  was  used  in  forming  nitrates, 
the  bacterifit  could  no  longer  survive  the  passage,  and  they  almost 
entirely  disappeared  from  the  effluent. 

The  reduction  of  the  number  to  so  near  annihilation  is,  however, 
peculiar  to  tanks  of  fine  sand,  and  also  to  the  circumstances  of  this 
time. 

The  sand  of  this  tank  contains  71  per  cent,  of  its  weight  finer 
than  the  holes  of  a  sieve  having  100  meshes  on  each  side  of  a  square 
inch ;  and  43  per  cent,  will  pass  through  a  sieve  of  140  meshes. 
The  lower  foot  of  the  five  feet  in  depth,  when  completely  drained, 
is  found  to  be  saturated ;  no  air  can  consequently  rise  up  through 
the  tank  from  the  underdrains.  During  the  time  of  increase  of 
numbers  of  bacteria  it  required  about  two  weeks  for  any  sewage 
applied  to  the  top  to  reach  the  bottom  of  the  tank ;  hence  we  see 
that  it  is  mechanically  possible  for  bacteria  in  large  numbers  to  pass 
through  the  sand  of  this  tank,  and  that  under  favorable  circum- 
stances 4  per  cent,  of  those  applied  may  survive  when  two  weeks 
are  required  for  the  passage ;  but,  as  after  this  the  number  has 
never  exceeded  one  per  cent.,  and  has  generally  been  a  very  small 
fraction  of  one  per  cent.,  we  must  regard  these  circumstances  as 
exceptionally  favorable.  The  exceptional  condition  is  that  which 
has  been  mentioned,  the  mingling  of  sewage  with  water  containing 
absorbed  oxygen,  or  having  oxygen  brought  from  the  surface  still 
associated  with  it. 

The  temperature  of  the  applied  sewage  in  January,  and  till  Febru- 
ary 12,  was  from  35°  to  40° ;  after  which  it  was  generally  as  high 
as  or  higher  than  44°.  The  temperature  of  the  effluent  in  the  latter 
part  of  January,  and  through  February  and  March,  was  35°  or  36°; 
and  higher  afterwards. 

During  the  rapid  fall  in  the  number  of  bacteria  the  tank  contained 
sewage  which  could  have  had  no  free  oxygen  in  the  lower  part  of 
the  tank;  and  it  being  extremely  cold,  —  the  average  morning 
temperature  from  January  15  to  February  2,  during  the  rapid  fall, 
being  1°  below  zero,  and  frost  forming  in  the  upper  part  of  the 
tank  to  the  depth  of  two  feet, — very  little  oxygen  could  enter  the 
top  of  the  tank.  Thus  being  nearly  cut  off  from  oxygen  for  the  long 
time  of  the  passage,  which  was  nearly  three  weeks,  —  about  one 
week  of  which  was  spent  in  the  layer  which  was  entirely  saturate 
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and  must  have  contained  no  free  oxygen,  —  the  bacteria  could 
not  survive  so  long  a  passage ;  and  but  10  out  of  500,000  came 
through. 

This  extremely  low  number  did  not  continue.  In  the  next  two 
weeks  the  number  averaged  247,  and  for  the  remainder  of  February 
the  number  averaged  1,433.  This  increase  may  be  due  to  the  time 
of  passage,  in  the  latter  part  of  the  month,  being  reduced  from 
three  weeks  to  about  two  weeks. 

In  March  the  time  of  passage  was  but  10  days,  and  the  number 
of  bacteria  varied  from  787  to  8,422  per  cubic  centimeter,  and 
averaged  2,779.  At  this  time  the  number  found  in  a  cubic  centi- 
meter of  the  sewage  applied  was  about  1,250,000. 

In  April  the  time  of  passage  averaged  two  weeks,  and  the 
number  decreased,  averaging  1,092. 

An  uncertainty  enters  the  computation  of  the  time  of  passage 
during  the  months  of  January,  February  and  March — and  particu- 
larly in  February  —  on  account  of  the  obstruction  by  frost.  The 
time  which  probably  controls  the  life  of  bacteria  is  the  time  of 
passing  through  the  saturated  layer  in  the  lower  foot  of  the  filter, 
which  generally  requires  one-third  of  the  whole  time  of  passage ; 
and,  however  the  time  was  hastened  in  the  upper  frost-bound 
layers,  it  is  probable  that  —  except  in  February,  when  sewage  was 
entering  principally  through  a  few  holes  cut  through  the  frost  —  the 
liquid  passed  through  nearly  the  whole  area  of  the  lower  saturated 
layer  in  about  one-third  of  the  time  given  for  the  fuy  passage. 

No  observations  were  made,  at  the  time  of  the  rapid  decrease  in 
bacteria  coming  through  in  January,  to  determine  how  completely 
the  oxygen  in  the  tank,  and  that  entering,  was  appropriated  by  the 
organic  matter ;  but,  from  experiments  made  since,  it  is  nearly  cer- 
tain that,  at  or  near  the  entrance  to  the  saturated  layer,  there  was 
no  longer  any  free  oxygen  that  could  be  used  to  support  bacteria ; 
and  the  being  deprived  of  oxygen  during  six  or  more  days,  while 
passing  through  the  saturated  layer,  was  probably  the  controlling 
cause  of  the  reduction,  and  nearly,  if  not  quite,  prevented  any 
bacteria  from  getting  through  alive. 

When  the  time  of  passage  through  this  layer  decreased  to  about 
three  days,  in  March,  the  number  of  bacteria  increased  much,  and 
again  decreased  when  the  time  was  inci'eased  in  April  to  about  five 
days.    In  this  month  nitrification  began,  but  progressed  very  slowly. 
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The  free  ammonia  was  highest  for  tbe  year,  and  albuminoid  ammo- 
nia was  higher  than  for  any  month,  except  the  next  previous. 

Bacteria  decrease  rapidly  when  Nitrification  commences. 

In  May  the  time  of  passing  the  saturated  layer  was  the  same  as  in 
April.  The  ammonias  were  between  eight  and  nine  tenths  as  much, 
with  but  little  change  in  the  month ;  and  the  nitrates,  though  low  in 
the  first  half  of  the  month,  increased  quite  rapidly  in  the  latter  part ; 
and  the  bacteria  decreased  from  899,  in  the  early  part  of  the  month, 
to  10  at  the  end;  averaging  170  for  the  month.  This  marked 
decrease  in  bacteria  as  nitrification  increased,  while  there  was  a  large 
food  supply  as  shown  by  the  ammonias,  indicates  that  the  process 
of  nitrification  has  a  deleterious  effect,  —  perhaps  from  its  using  up 
oxygen  apart  from  its  usually  accompanying  condition  of  a  want  of 
food. 

Up  to  this  time  there  has  been  no  question  but  that  bacteria  come 
through  this  filter  of  fine  sand ;  their  numbers,  though  small  com- 
pared with  the  numbers  put  upon  the  surface,  being  at  the  greatest 
but  five  per  cent. ,  have  depended  upon  the  oxygen  they  could  obtain 
on  the  passage,  and  upon  the  time  of  the  passage.  Now  that  nitri- 
fication has  commenced  we  find  the  number  is  very  small,  being  but 
one-hundredth  of  one  per  cent,  of  the  number  applied ;  and  that,  for 
the  next  eighteen  months,  the  number  has  averaged  but  70,  and  in 
the  last  twelve  of  these  months  but  21 ;  and  that  the  number  does 
not  decrease  with  the  length  of  time  of  passage,  but  is  as  small  when 
the  time  of  passing  through  one  foot  of  saturated  layer  is  four  days 
as  when  it  is  thirteen  days.  The  question  now  rises  whether  any  of 
these  bacteria  that  have  been  found  in  the  efliuent  of  this  tank  since 
nitrification  began  have  come  through  the  sand,  or  if  all  have  grown 
in  the  gravel  and  underdrains  and  outlet  pipe  beneath  the  filter, 
where  they  are  in  contact  with  air  entering  the  outlet  pipe. 

The  daily  quantity  of  effluent  in  gallons  per  acre,  the  average 
amounts  of  free  and  albuminoid  ammonia  and  nitrates,  the  number 
of  bacteria  found  in  the  effluent,  and  the  time  of  passing  through 
one  foot  of  saturated  layer  are  given  for  each  month  after  nitrifica- 
tion commenced  in  the  following  table  :  — 
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June,  . 

Jaly 

Angaat, 
September, 
October,     . 
November, 
Deeember, 

Juoary,  . 
February,  . 
March,       . 

April 

May,  .... 
Jane,  .... 

July 

Aognst, 
September, 
October,     . 


In 

?3 


23,400 
IT.OOO 
19,400 
19,000 
18,600 
13,800 
11,800 

12,600 
11,400 
25,800 
39,600 
27,400 
22,600 
27.000 
24,000 
33,400 
37,800 


0.8778 
0.1550 
0.0422 
0.0012 
0.0003 
0.0003 
0.0005 

0.0008 
0.0008 
0.0009 
0.0201 
0.0019 
0.0020 
0.0020 
0.0008 
0.0013 
0.0O44 


•6 
1 


a 


.0145 
.0117 
.0149 
.0080 
.0072 
.0072 
.0064 

.0060 
.0059 
.0077 
.0095 
.0008 
.0104 
.0004 
.0074 
.0078 
.0090 


2.056 
1.310 
1.156 
0.818 
0.792 
0.863 
0.784 

0.762 
0.736 
0.661 
1.713 
2.256 
1.638 
1.000 
0.604 
0.864 
1.376 


94 
68 
39 
14 
84 
88 
20 

48 
55 
41 
73 
96 
73 
28 
21 
82 
47 


lit 
•2  «^ 


151 
232 
157 
368 
30 
11 
5 

12 
23 
28 

7 

67 
88 
57 

6 


fill 


6.3 

9. 

7.7 

8. 

8.1 
11. 
13. 

10.7 

13. 
6. 
4. 
5.5 
6.6 
5.7 
6.0 
4.5 
4. 


The  numbers  of  bacteria  here  given  are  averages  of  those  obtained 
from  observations  taken  at  about  the  same  hour  on  from  four  to  nine 
days  in  a  month,  and  are  referred  to  as  the  semi-weekly  observations. 

If  these  bacteria  no  longer  come  through  the  filter,  it  would  be 
expected  that  those  which  had  come  through  would  remain  in  con- 
siderable quantity  in  the  underdrains  as  long  as  the  conditions  there 
were  favorable  for  their  growth.  It  appears  that  they  remained 
there,  in  larger  numbers  than  ever  afterwards,  through  June,  July, 
August  and  September,  1888 ;  being  in  largest  numbers  in  Sep- 
tember, when  the  effluent  was  the  warmest,  —  at  about  70°.  The 
number  then  fell  off  rapidly,  as  cold  weather  came  on,  until  in 
December  the  number  averaged  but  five  per  cubic  centimeter, 
although  the  number  in  the  sewage  from  which  this  effluent  came 
was  more  than  half  a  million  per  cubic  centimeter. 

In  1889  the  semi-weekly  observations,  which  were  then  being  taken 
but  once  a  week,  were  found  to  bo  inadequate  to  express  the  true 
number  of  bacteria  that  came  in  the  effluent ;  and  while  these  obser- 
vations were  continued,  other  and  more  extended  observations  were 
made  in  most  of  the  months  of  1889,  which  are  given  in  tables  of 

These  series  of  observations 


series  after  the  table  of  regular  counts. 
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will  be  taken  into  account  in  discussing  the  number  of  bacteria  found 
in  the  second  year ;  hence  the  consideration  of  the  semi- weekly 
observations  will  l>e  limited  to  those  of  the  first  year. 

Irregularity  in  Numbers  of  Bacteria  may  be  due  to  Rain. 
Upon  examining  in  detail  the  record  of  bacteria,  we  find  marked 
variations  in  the  numbers ;  for  example,  in  June,  1888,  the  numbers 
on  different  days  were  as  follows  :  — 


Day  op  thx  Month. 

Kamber 
of  Uacteria. 

DAT  OF  THK  MOKTK. 

Nomber 
of  Bacteri*. 

6, 

14 

27 
574 

21, 

26. 

53 

9 

H. 

88 

Seeking  a  cause  for  the  large  number  on  the  14th,  if  it  originated 
at  the  surface  of  the  tank  it  would  have  occurred  at  the  time  since 
which  about  2,275  gallons  of  effluent  have  come  from  the  tank. 
This  would  have  been  on  May  28,  on  which  day  rain  began  and  91 
gallons  fell  into  the  tank.  This  was  at  a  time  when  the  150  gallons 
of  sewage  applied  disappeared  from  the  surface  in  less  than  a  hour. 
The  rain-water,  following  after  this  and  going  down  by  itself, 
mingling  to  some  extent  with  the  liquid  left  among  the  particles  of 
sand  by  the  sewage,  may  have  carried  sufficient  oxygen  not  reduced 
by  organic  matter  to  have  kept  alive  a  few  of  the  bacteria  —  one  in 
a  thousand  —  and  allowed  this  number  to  come  through. 

Selecting  the  numbers  that  are  exceptionally  high,  and  are  above 
100,  we  make  the  following  comparisons  :  — 


Datb. 


Nnmber  of 

Bacteria  ob- 

Krved. 


Date  when 
the  Previous 

2,275  (Jal- 
lons  of  Efflu- 
ent began. 


Date 

of  Nearest 

Kain. 


Number 

of  CiHllitni 

ofKainwhlcb 

Ml 

into  Tank. 


18S8. 

Jnoe  14, 

July    7, 

July  13. 

July  21 

Aug.   7 

Aug.  11 

Aug.  16 

Sept.  11, 

Sept.  15, 


574 
183 
404 
576 
801 
195 
107 
745 
997 


May  27, 
June  14, 
June  17, 
Jane  25, 
July  13, 
July  19, 
July  24, 
Aug.  18, 
Aug.  22, 


Hay  28, 
June  15, 
June  20, 
June  25, 
July  12, 
July  19, 
July  22, 
Aug.  17. 
Aug.  S2, 


91 
99 
17 
52 
87 
M 
91 
77 
196 
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We  find  that,  within  one  or  two  days  of  the  computed  time  when 
rain  falling  upon  the  surface  would  appear  at  the  outlet,  the  number 
of  bacteria  found  in  the  effluent  is  exceptionally  large,  being  thirteen 
times  the  number  found  on  other  occasions  in  the  same  months. 

Some  of  the  numbers  less  than  100,  that  are  larger  than  usual 
may  also  be  traced  to  a  similar  relation  with  rainfall  upon  the  tank. 
But,  eliminating  only  those  numbera  greater  than  100,  which  have 
been  shown  to  have  so  distinct  a  relation  with  the  rainfall,  we  have 
the  following  monthly  averages  remaining :  — 

June  (1888),  46;  July,  57;  August,  26;  September,  32; 
October,  39  ;  November,  11 ;  December,  5,  —  or  an  average  for  the 
seven  months  of  31  per  cubic  centimeter. 

The  smallest  number  was  in  December,  1888,  when  the  tank  was 
covered  with  canvas  and  no  rain  fell  upon  it.  This  tank  was 
covered  also  in  the  three  following  months,  and  the  average  number 
for  these  four  months  was  16  per  cubic  centimeter. 

Do  ANY  Bacteria  ordinarily  pass  through  this  Filter  when 

Nitrifying? 
The  average  number  in  the  seven  months  of  1888,  after  nitrifica- 
tion became  active,  —  which  is  31  per  cubic  centimeter,  —  maybe 
taken  as  the  number  shown  by  the  first  year's  work  to  be  expected 
in  the  effluent  of  this  tank  when  sewage  alone  is  filtering ;  and  we 
are  now  to  seek  the  probability  of  this  number  out  of  half  a  million 
living  through  the  passage,  or  whether  these  come  from  a  growth  in 
the  coarse  gravel  and  underdrains,  exposed  to  air  entering  from 
below,  —  permanently  living  there  or  planted  there  by  the  occa- 
sional passage  of  bacteria  which  come  through,  supported  by  oxygen 
accompanying  rain  water. 

Besides  the  semi-weekly  observations  which  have  been  under 
consideration,  long  series  of  observations,  made  once  an  hour  or 
oftener,  were  continued  through  many  days  in  the  early  months  of 
1889.     A  summary  of  these  results  will  be  stated. 

On  January  4,  when  150  gallons  of  sewage  were  being  applied 
every  other  day,  sixteen  observations  were  made  upon  the  rate  of 
flow  and  number  of  bacteria.  The  rates  of  flow  varied  from  78 
cubic  centimeters  per  minute  before  sewage  was  applied  to  388  cubic 
centimeters  per  minute  seven  hours  after  its  application.  The 
average  number  of  bacteria  found  was  6,  with  no  variation  attribu- 
table to  increased  flow  except  one  count  of  42  when  the  rate  had 
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risen  to  108  cubic  centimeters  per  minute.  On  January  5  five 
counts  averaged  5  bacteria.  The  flow  was  then  decreasing  from  the 
application  of  the  previous  day. 

On  January  9,  with  ten  observations,  the  number  increased  from 
9  before  the  flow  to  40  during  the  three  hours  of  most  rapid  flow. 
The  next  forenoon  the  average  number  was  14  ;  but  in  the  afternoon, 
with  the  rate  still  decreasing,  the  average  number  was  80. 

On  February  1,  with  eleven  observations,  the  average  number 
before  the  increased  flow  began  was  2,  and  through  the  rapid  flow 
was  also  2.  On  the  following  day  ten  observations  gave  the  same 
average  number. 

On  February  14,  with  twelve  observations,  the  average  number 
was  less  than  2 ;  and  on  the  next  day  thirteen  counts  averaged  2 
with  no  variation  due  to  rate  of  flow.  If  there  had  been  absolutely 
none  in  the  effluent  as  it  flowed  from  the  tank,  these  small  numbers 
would  have  been  counted  from  bacteria  entering  the  samples  from 
the  air. 

On  February  27,  with  twelve  observations,  the  average  number 
counted  was  8  ;  and  on  the  next  day,  with  higher  rates,  it  was  4. 

In  March,  series  were  counted  on  twenty-one  days,  making  in  all 
129  counts  and  averaging  185  bacteria. 

Beginning  with  the  6th  of  this  month,  the  amount  of  sewage  was 
doubled,  the  application  being  300  gallons  three  times  a  week.  The 
number  of  bacteria  found  was  greater  than  in  the  previous  months, 
and  on  nearly  every  application  the  number  of  bacteria  increased, 
at  one  or  more  counts,  while  the  rate  of  flow  was  increasing,  —  the 
average  change  being  from  14  to  414 :  with  one  count,  not  included 
in  the  average,  when  the  number  reached  2,336.  This  high  number 
was  on  the  day  when  2,275  gallons  had  flowed  out  after  applying 
to  one  small  area  of  the  surface  a  litre  of  bouillon  containing 
1,000,000,000  of  the  bacterium  Bacillus  pvodigiosus,  and  it  is  pos- 
sible that  some  bacteria  came  through  with  the  food  supply  thas 
provided,  biit  none  of  the  peculiar  species  applied,  although  readily 
recognizable  by  their  color,  were  found  in  the  effluent. 

The  increase  in  number,  from  14  just  before  the  increase  in  rate 
of  flow  to  414  at  some  observation  during  the  rapid  flow,  may  be 
attributed  to  the  increased  depth  and  velocity  of  the  stream  in  the 
underdrains  and  over  the  floor  of  the  tank  floating  and  washing  off 
bacteria  growing  there  ;  but  it  is  difficult  to  conceive  of  the  reason  why 
on  seven  diflferent  days,  when  the  rate  of  flow  was  decreasing,  the 
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number  of  one  count  of  each  day  averaged  1 ,354  bacteria.  On  one 
day  not  included,  the  number  counted  was  5,577.  This  was  on  the 
same  day  when,  on  the  increasing  rate  of  flow,  2,336  were  counted ; 
and  is  probably  attributable  to  the  same  cause,  —  the  accompani- 
ment of  specially  prepared  food  for  bacteria.  In  fact  all  of  these 
high  counts  but  two  occurred  when  from  1,900  to  2, TOO  gallons  of 
effluent  had  come  from  the  tank  after  the  Bacillus  prodigiosus,  with 
the  food  in  which  it  was  growing,  was  applied.  No  explanation 
appears  for  the  other  two  exceptionally  high  counts.  No  rain  could 
have  come  through  the  tank,  as  the  canvas  covenng  was  on  till  the 
.13th.  We  must  conclude  that,  with  the  increased  quantity  of 
sewage,  bacteria  came  through  the  tank  at  certain  times,  though 
not  continuously. 

On  March  27  the  quantity  of  sewage  applied  three  times  a  week 
was  again  increased  to  450  gallons,  and  this  quantity  was  continued 
through  April  and  to  the  middle  of  May. 

In  April,  series  were  counted  on  26  days,  making  in  all  130  counts 
and  giving  an  average  for  the  month  of  69.  If  we  omit  two  counts 
in  which  the  number  was  extremely  high,  the  average  number  for 
the  month  was  30. 

There  was  generally  one  count  or  more,  when  the  rate  was  rapid, 
which  was  higher  than  those  before  the  increased  flow  began,  in  the 
average  ratio  of  471  to  1) ;  or,  if  we  omit  two  extremely  high  counts, 
in  the  ratio  99  to  9. 

The  increased  number  when  the  rate  was  decreasing  noticed  in 
March  was  not  so  general  in  April,  there  being  but  four  days  when 
it  occured  with  an  average  number  of  192. 

On  May  1  the  number  before  the  increased  rate  of  flow  was  6, 
and  afterward  it  was  36. 

The  increase  in  number  of  bacteria  accompanying  increase  in  rate 
of  flow  has  been  as  follows  :  — 


Datb. 


1880. 

Jaooarj 

February,         .        .        .        . 

March 

April, 


Qaantity 

applied.  Ual- 

lont. 


160 
150 
300 
450 


Namber 

of 
Coanu. 


40 

67 

129 

130 


NciiBKB  or  Bactesia. 


Before 

Increase  in 

Flow. 


7 
4 
14 
9 


Highest 

N^iimber  after 

Increase  In 

Flow. 


41 

3 

414 
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This  increase  in  number  of  bacteria,  with  the  increase  in  rate  of 
flow  in  this  tank,  has  not  been  a  general  and  sustained  increase,  nor 
ha«  it  been  proportional  to  the  rate  of  flow ;  but,  some  time  daring 
the  more  rapid  flow,  the  number  counted  has  been  greater  than  dar- 
ing the  previous  time  of  slow  flow.  This  increase  has  been  attributed 
to  the  growth  of  bacteria  in  the  outlet  pipe  and  undcrdrains  and  od 
the  gravel  upon  the  floor  of  the  tank,  just  above  the  level  at  which 
water  stands  during  the  low  flow,  which  upon  a  rise  of  water  would 
be  floated  from  their  resting  places,  and  by  the  stronger  current  be 
carried  to  the  outlet. 

Bacteria  Found  Living  in  Large  Numbers  in  Outlet  Pipe. 

To  determine  if  such  bacteria  exist  in  the  outlet  pipe,  it  was  on 
May  2  swabbed  out,  one  foot  in  length  at  a  time,  with  a  sterilized 
sponge.  The  water  flowing  in  the  pipe  before  the  commencement 
contained  20  bacteria  per  cubic  cent'meter ;  but,  after  rubbing  the 
sponge  over  the  first  foot  in  length  of  the  pipe,  the  water  pressed 
from  the  sponge  contained  13,000  bacteria  per  cubic  centimeter. 
The  water  taken  up  by  the  sponge  while  rubbing  the  second  foot 
contained  somewhat  more,  and  for  each  foot  in  length  the  number 
found  was  between  13,000  and  24,000  bacteria  per  cubic  centimeter. 
These  bacteria  appear  to  grow  more  abundantly  where  the  surface 
of  the  pipe  is  damp,  just  above  the  ordinary  surface  of  the  stream 
flowing  in  the  bottom  of  the  pipe,  and  where  they  are  exposed  to 
the  air  entering  the  outlet. 

Immediately  after  swabbing  out  the  pipe,  hot  water  was  run 
through  the  pipe  for  twenty  minutes,  at  temperatures  from  175°  to 
200°,  in  order  to  kill  any  bacteria  remaining.  In  the  next  half  hour 
the  number  in  the  effluent  averaged  7,  but  six  hours  later  the  num- 
ber was  considerably  higher.  The  average  of  counts  for  the  next 
six  days  was  200,  and  on  May  10  the  outlet  pipe  was  again  scalded 
out  by  running  through  it  for  twenty  minutes  water  at  about  200°. 
Eight  counts,  taken  on  this  day  after  the  scalding,  gave  the  average 
number  of  bacteria  in  the  effluent,  11.  On  the  next  day  the  number 
found  was  18.  Two  days  later  the  number  was  91.  On  May  15  it 
was  1,140;  on  the  next  day,  135;  and  at  10  a.m..  May  17,  was 
760.  Between  10.30  and  11.30,  May  17,  the  outlet  pipe  was  again 
swabbed  out,  as  on  May  2,  with  the  following  result :  —  In  the  first 
foot  were  found  4,896  per  cubic  centimeter  of  the  water  pressed 
from  the  sponge;   in  the  second  foot,  35,192;  in  the  third  foot, 
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56,000;  in  the  fourth  foot,  61,600;  in  the  fifth  foot,  12,642;  and 
in  the  sixth  foot,  next  to  the  tank,  7,310.  The  efl9[uent  flowing  out 
while  the  sponge  was  rubbing  the  fifth  foot  contained  45,900  per 
cubic  centimeter. 

The  swabbing  did  not  appear  to  remove  all  from  the  pipe  ;  for  at 
3.15  P.M.  the  number  in  the  efiiuent  was  10,622 ;  and  at  5  p.m. 
3,842.  On  the  next  day  the  number  was  6,804.  On  May  20,  it 
was  110 ;  and  on  May  22,  11. 

These  experiments  show  that,  during  this  month,  very  large  num- 
bers of  bacteria  were  growing  in  the  outlet  pipe,  and  that  immedi- 
ately after  destroying  these  by  hot  water  very  few  were  found  in  the 
effluent ;  but  in  a  day  or  two  the  number  increased,  —  probably 
coming  down  from  the  underdrains  and  gravel  and  growing  rapidly 
in  the  pipe.  The  small  number  following  scalding  of  the  pipe  indi- 
cates that  very  few  were  coming  through  the  sand  at  this  time. 

On  July  1  the  efiiuent  that  was  slowly  coming  through  the  sand 
was  backed  up,  by  closing  the  outlet,  till  about  forty  gallons  were 
upon  the  bottom  of  the  tank.  Upon  letting  this  out  at  a  slow  rate 
the  number  of  bacteria  was  16  ;  at  higher  rates  the  number  increased 
to  80  and  162  ;  and,  when  the  cap  was  removed  from  the  outlet  and 
the  water  rushed  out,  it  contained  1,872  per  cubic  centimeter.  This 
increase  was  evidently  due  not  to  an  increased  number  coming 
through  the  sand  but  to  the  washing  out  of  the  drains  by  the 
increased  current. 

Before  examining  other  series  of  observations  taken  upon  the 
effluent  later  in  the  year,  we  will  turn  to  examinations  of  the  sand 
of  this  tank  taken  at  different  points  by  boring  a  hole  two  inches  in 
diameter  from  top  to  bottom. 

Number  of  Bacteria  found  in  One  Oram  of  Sand  taken  from  Tank  No,  2  at 
Various  Depths  on  Different  Dales. 


HtSTASC*  mOX  SUBPACK. 
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19,  IbSS. 


Febmnry 
4. 18H9. 


May  24, 
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0  to  U  inch, 
H  to  }i  Inch, 
H  inch,  . 
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Number  of  Bacteria  found  in  One  Gram  of  Sand  taken  from  Tank 
Various  Depths  on  Different  Dates — Concluded. 


No.  2  at 


DUTAKCB  FSOK  SUBTACB. 


December 
19,1888. 


Febraarr 
4«1889. 


'%!*' 
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0  to  10  inches, 
12  Inches, 
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24  inches, 
26  inches. 
28  to  29  Inches, 
36  inches, 
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60  inches, 
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10,800 


700 


6,000 
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100,300 
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6,700 
17,100 

9,700 

12,100 

7,400 
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7,320 
68.666 
56,666 


136,111 


T,9S0 


16,347 


]\Iuch  the  larger  numbers  were  found  in  the  upper  five  inches. 
These  increased  and  were  higher  than  at  either  of  the  other  dates  on 
May  24 ;  this  is  at  the  season  when  plant  growth  is  most  rapid  and 
when  we  find  nitrification  most  complete.  The  number  in  November, 
in  the  upper  five  inches,  was  but  one-half  of  the  number  in  the  prev- 
ious May ;  but  in  the  lower  four  and  a  half  feet  of  the  tank  the 
number  in  November  was  greater  than  ever  before  although  but  a 
small  fraction  of  those  in  the  upper  five  inches.  It  may  bo  that 
some  of  the  high  numbers  in  the  lower  part  of  the  tank  in  November 
are  due  to  particles  of  sand  falling  from  the  top  into  the  hole. 

It  is  evident  that  some  kinds  of  bacteria  live  in  the  lower  part  of 
this  tank  for  many  days,  and  perhaps  continually,  without  light  and 
with  little  or  no  oxygen.  The  trap  being  put  on  the  outlet  pipe  of 
No  2,  on  October  11  it  was  found,  that,  no  air  entering  from  below, 
the  absorbed  oxygen  in  the  effluent  became  less  day  by  day,  until  on 
November  25  there  was  none,  —  indicating  that  none  existed  at  this 
season  in  the  saturated  layer  of  sand  in  the  lower  part  of  the  tank. 

The  microscopical  examination  of  the  samples  of  sand  obtained 
Nov.  7,  1889,  showed  the  surface  to  have  large  numbers  of  bacteria 
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alive  and  in  zooglcea.  Anguillula  was  abundant;  also  there  were 
mites,  lichen  spores,  monads  and  Ulothrix.  Below  the  surface 
throughout  there  could  be  seen  only  bacterial  zo6gloea  in  slowly 
diminishing  numbers,  though  quite  abundant  at  sixty  inches  from 
the  surface.  It  may  be  that  these  bacterial  clots  called  zooglcea  are 
bacteria  in  a  torpid  state,  —  in  which  they  can  survive  for  a  season 
without  oxygen,  —  which  develop  into  growing  colonies  when  they 
come  into  favorable  conditions  with  suitable  food  and  air ;  or  they 
may  be  the  I'emains  of  bacteria. 

Sesuming  the  examinations  of  the  efluent,  we  find  on  Sept.  4, 
1889,  with  300  gallons  of  sewage  applied  three  times  a  week,  five 
observations  indicate  that  there  was  no  increase  of  bacteria  with 
increased  rate  of  flow ;  there  being  14  before  and  6  after  flooding. 
On  the  next  day,  while  the  rate  was  decreasing,  the  number  averaged 
7  until  the  rate  got  to  be  very  low,  when  the  number  rose  to  lOif ; 
and  on  the  morning  after,  when  the  rate  was  still  lower,  the  number 
was  once  275.  This  rise  may  be  due  to  a  rain  of  197  gallons,  which 
fell  upon  the  tank  on  August  14. 

On  September  9  water  which  had  come  down  slowly  through  the 
sand  on  the  previous  day,  and  had  been  held  back  by  closing  the 
outlet,  was  let  out  slowly  at  first,  giving  4  bacteria  per  cu]>ic 
centimeter;  upon  increasing  the  rate  of  flow  to  the  maximum  daily 
rate,  the  number  increased  to  22  and  afterward  fell  off  to  9  ;  but  at 
the  very  slowest  rate  one  count  revealed  671.  As  the  regular  flow 
from  sewage  applied  increased  to  nearly  the  maximum  of  the  last 
experiment,  —  when  eflluent  was  held  back  and  ran  out  rapidly,  — 
the  number  of  bacteria  increased  to  27  and  22. 

On  September  10,  no  sewage  being  applied,  the  number  of 
bacteria  coming  out  was  10.  Thirty  gallons  of  water  from  Tank 
No.  8,  which  contained  18  bacteria  per  cubic  centimeter,  were 
gently  run  in  through  the  outlet  pipe  to  the  underdrains  and  gravel 
of  this  tank.  When  this  water  was  allowed  to  run  out  at  about  ten 
times  the  maximum  velocity  of  the  regular  effluent  the  number  of 
bacteria  was  51 ;  with  sixteen  times  the  velocity  the  number  was 
17 ;  with  thirty  times  the  velocity  the  number  was  47  ;  and  with 
eighty  times  the  velocity  the  number  was  263 ;  and  finally,  at  the 
ordinary  maximum  velocity,  the  number  was  16,  —  showing  only  a 
few  organisms  to  be  in  the  drains  and  gravel  capable  of  being 
removed  by  a  rapid  current  at  this  time.  Chemical  examination  of  the 
water  before  it  was  put  in  and  after  it  came  out  showed  no  increase 
of  organic  matter  from  deposit  in  the  underdrains  at  this  time. 
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On  September  11  and  12  the  average  number  was  7,  increasing 
from  6  to  9  on  increased  rale  of  flow. 

On  September  16  the  quantity  of  sewage  was  increased  to  500 
gallons  applied  three  times  a  week.  This  quantity  was  continued 
through  October. 

On  September  16,  17  and  18  the  average  number  of  bacteria  was 
14 ;  and,  though  the  maximum  rate  of  flow  was  doubled,  there 
appears  to  be  no  increase  of  bacteria  due  to  increased  flow. 

On  September  19,  20  and  21  the  average  number  of  bacteria  was 
4  and  no  increase  with  increased  rate  of  flow.  With  this  small 
number  the  six  feet  in  length  of  the  outlet  pipe  were  sponged  out, 
as  described  in  May,  with,  however,  a  very  different  result, — the 
numbers  for  different  feet  varied  from  1  to  7  ;  averaging  3  per  cubic 
centimeter  of  water  taken  up. 

At  this  time,  with  no  increase  of  bacteria  coming  with  increased 
rate  of  flow,  we  find  extremely  few  bacteria  living  in  the  outlet  pipe ; 
while  in  May,  with  a  marked  increase  with  the  increased  flow,  they 
were  very  abundant  there. 

On  September  23,  24  and  25  the  number  of  bacteria,  at  low  rates 
of  flow,  averaged  2  or  practically  none ;  and  at  the  highest,  with 
rapid  flow,  the  number  was  10  and  19.  A  short  portion  of  the 
length  of  the  outlet  pipe  was  divided  into  sections  around  the 
circumference,  and  washed  with  a  sterilized  sponge.  The  number 
of  bacteria  found  in  a  cubic  centimeter  of  water  pressed  from  the 
sponge,  varied  from  1  to  16, — averaging  4.  The  highest  number 
was  from  the  side,  a  little  above  the  water. 

On  September  26  and  27  the  number,  with  low  rates  of  flow,  was 
8  ;  which  increased  to  15,  at  one  count,  at  a  high  rate  of  flow. 

On  the  28th,  as  the  rate  fell,  one  count  showed  72  followed  by  15, 
6  and  3.  On  September  30  the  average  number  was  7,  with  no 
change  due  to  rate. 

Summarizing  the  results  of  September,  1889,  we  have  :  — 


Day  op  the  Moxtm. 


4, 

6,  .  . 
9aodl0,  . 
11  and  12,  . 
13  and  14, . 


Number  at 

Low 
Rites  of 

Flow. 
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14 

6 

7 

7 

19 

16 

6 
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12 

Day  of  the  Month. 


16, 17  and  18, 
19,  20  and  21, 
23,  24  and  25, 
20  and  27, 
28  and  30, 
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Flow. 


18 
2 
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The  number  of  bacteria  in  the  sewage  applied  was  about  700,000 
per  cubic  centimeter,  and  the  number  in  the  effluent  averaged  10 
per  cubic  centimeter,  of  which  the  number  at  low  rates  of  flow  was 
9  and  at  high  rates  of  flow  was  11.  The  increase  was  at  any  time 
hardly  as  great  as  when  an  increased  velocity  was  given  in  the 
drains  with  no  increased  rate  coming  through  the  sand. 

On  October  1,  2,  3  and  5  the  average  number  was  8,  with  no 
increase  with  the  increased  rate  of  flow. 

It  will  be  observed  that  sewage,  applied  to  the  surface  since  Sept- 
ember 16,  reaches  the  bottom  in  about  eleven  days,  and  is  about 
four  days  passing  through  the  saturated  layer,  —  instead  of  seven 
days,  as  in  the  previous  month. 

Series  were  taken  daily  through  the  month  of  October,  1889,  and 
the  number  of  bacteria  at  )ow  and  high  rates  of  flow  are  here  sum- 
marized. — 


DAT  or  TH» 
M02ITH. 

27amberat 
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Number  at 
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DAT  OP  THK 
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Number  at 
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I,2and3,       . 
5.    .       .       •        . 
7  and  8,  . 
B  and  10, 

7 

14 
15 
88 

7 

e 

896 

181 

12 

7 

1,271 

285 

'  11  and  12,     .        . 

U  and  15,      . 
1  10  and  IT,      . 

20 
12 
11 

1.020 
61 
57 

1,100 
00 
78 

After  October  17  there  was  very  little  change  in  rate  of  flow,  as 
the  sewage  remained  on  the  surface  nearly  all  of  the  time.  After 
the  eleventh  a  trap  was  on  the  outlet,  so  that  the  outlet  pipe  was  all 
of  the  time  full. 

From  October  18  to  the  end  of  the  month  the  number  of  bacteria 
averaged  24  including  one  unusually  high  number  of  325,  without 
which  the  average  would  have  been  16. 

Bringing  together  the  results  of  524  counts  made  in  six  months 
of  1889,  we  have  the  following  summary :  — 
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January,     .       . 
February,  . 

150 
150 
300 

40 

66 

121 

14 
3 
ffl* 

April, 
September, 
October,    . 

450 

300  and  500 

500 

128 
86 
88 

aof 

16 

86t 

*  Omitting  8  coanta  above  1,000.      f  Omitting  2  connta  above  1,000.     X  Omitting  3  oonnta  above  940. 
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In  January  the  number  was  small,  and  there  was  noticeable  an 
occasional  increase  in  number  at  times  of  rapid  flow,  —  indicating 
that  bacteria  were  growing  in  the  drains. 

In  February  the  average  number  in  66  counts  was  3.  This  is  the 
same  average  number  that  we  have  found  by  pouring  boiled  water 
containing  no  bacteria  into  a  bottle  placed  by  the  side  of  the  bottle 
receiving  the  efliuent,  this  number  coming  from  the  air.  Hence 
we  have  reason  to  conclude  that  during  this  month  no  bacteria  came 
through  this  filter. 

It  is  probable,  too,  that  in  January  none  came  through,  but  that 
a  few  were  living  in  the  drains. 

In  March,  however,  with  the  change  from  150  gallons  to  300 
gallons  being  applied  three  times  a  week,  it  is  evident  that  some 
bacteria  came  through  the  filter,  and  that  there  was  a  j^reat  increase 
in  the  drains.  On  the  same  day  that  the  increase  in  quantity  was 
made,  1,000,000,000  Bacillus  prodigiosus  with  their  food  were 
applied,  and  although  none  of  this  species  were  found  in  the  efliu- 
ent, their  food  may  have  been  one  of  the  occasions  of  the  great 
increase  ;  for  on  the  days  March  22  and  23,  when  we  should  expect 
this  to  reach  the  bottom,  occurred  the  highest  counts  of  the  month, 
viz;  2,336  1,^98  and  5,577.  There  were,  however,  two  other 
counts  between  1,000  and  1,600,  before  these  dates,  which  cannot 
be  attributed  to  this  cause ;  nor  are  any  attributable  to  rain,  for  the 
canvas  covering  was  over  the  tank  till  March  13,  and  the  rain  com- 
ing after  this  could  not  reach  the  outlet  in  this  month. 

There  are  three  conclusions  that  may  be  reached  from  the  data 
presented :  one  is  that  bacteria  came  through  the  filter  during  this 
month;  another  is  that  they  grew  unusually  in  the  underdrains; 
and  the  third  is  that,  nitrification  being  less  complete,  more  food 
material  was  stored  in  the  sand,  so  that  those  which  were  already 
within  the  sand  increased  more  than  usual  and  some  of  them  came 
out  with  the  efliuent. 

The  increased  quantity  of  sewage  applied,  the  less  complete 
nitrification  by  which  more  nitrogenous  matter  must  have  been 
stored  in  the  tank  because  the  ammonias  of  the  effluent  were  not 
increased,  and  the  addition  of  the  specially  prepared  food  put  on 
with  Bacillus  prodigiosus,  would  all  tend  to  increase  the  number  of 
bacteria  in  the  effluent. 

The  most  probable  conclusion  is  that  a  few  bacteria  came  through 
the  filter  from  the  surface  in  this  month,  and  that  they  increased 
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within  the  lower  layer  of  open  sand  and  in  the  underdrains  by 
growth  there  ;  and  from  these  causes  about  one-thousandth  as  many 
bacteria  were  found  in  the  effluent  as  in  the  sewage. 

In  April,  with  a  larger  amount  of  sewage  applied,  —  which  was 
found  to  contain  many  times  as  many  bacteria  as  the  sewage  of 
March,  — the  actual  number  of  bacteria  in  the  effluent  was  found  to 
be  less;  and  the  number  was  but  1  in  22,000  of  the  number  applied  : 
still,  it  is  most  probable  that  some  came  through  the  whole  or  a  part 
of  the  depth  of  the  filter,  to  keep  up  the  number  in  the  underdrains. 

The  experiments  of  May  and  July  show  that  very  large  numbers 
were  living  in  the  outlet  pipe  and  underdrains,  when  but  few  came 
out  with  the  effluent.  Observations  in  May  also  show  that  an 
unusually  large  number  of  bacteria  were  then  in  the  sand  from  the 
top  to  the  bottom  of  the  tank. 

In  September  the  number  found  in  the  regular  effluent  was  small, 
and  the  number  that  could  be  washed  out  of  the  underdrains,  either 
by  holding  back  the  effluent  and  letting  it  flow  out  rapidly  or  by 
forcing  water  in  from  the  outside  and  letting  it  rush  out,  was  small ; 
and,  consistent  with  this  result,  the  outlet  pipe  was  found  to  contain 
but  one-thousandth  as  many  as  in  May.  The  average  number  in  the 
effluent,  by  86  counts  in  the  month,  was  but  16  when  300  and  500 
gallons  were  applied  three  times  a  week ;  and  the  number  was  no 
greater  after  the  amount  was  increased  to  500  gallons. 

On  October  7,  when  about  5,000  gallons  had  flowed  out  after  the 
beginning  of  the  application  of  500  gallons  at  a  time,  the  number 
was  the  highest  for  the  month,  —  reaching  1,271  at  the  time  of 
rapid  flow.  No  reason  is  apparent  for  high  numbers  at  this  time. 
The  numbers  next  lower  than  this  were  1,100  and  940,  on  October 
11, — just  after  a  trap  had  been  put  upon  the  outlet,  by  which  the 
outlet  pipe  was  kept  filled  with  water.  The  efiect  of  this,  wherever 
tried,  has  been  similar,  —  to  increase  the  number  at  first,  after  which 
they  settle  back  to  the  previous  low  numbers.  This  is  probably 
due  to  floating  off"  from  their  resting  place  some  of  the  bacteria 
growing  upon  the  pipe  above  the  surface  of  the  stream  usually 
running.  During  the  rest  of  the  month,  with  the  trap  on  and  a 
marked  increase  in  the  free  ammonia  and  nitntes  of  the  effluent,  the 
number  of  bacteria  averaged  30. 

Reviewing:  all  of  the  results  of  observations  on  bacteria  obtained 
with  Tank  No.  2  after  purification  by  nitrification  was  established, 
we  conclude  that  there  are  seasons  in  which  no  bacteria  live  to  get 
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through  the  filter  when  the  equivalent  of  30,000  gallons  on  an  acre 
is  applied  in  half  an  hour  once  in  two  days ;  there  are  other  seasons 
when,  with  the  same  quantity,  a  few  bacteria  are  found  in  the 
effluent,  some  of  which  may  have  come  down  from  the  surface. 
That,  with  two  or  three  times  the  above  quantity  of  sewage,  we 
have  been  unable  to  trace  any  bacteria  from  the  surface  to  the 
bottom  as  we  did  in  the  coarse  sand ;  but  we  find  certain  kinds  of 
bacteria  in  considerable  numbers  within  the  sand  from  top  to 
bottom,  and  we  find  a  number  in  the  effluent  equivalent  to  1  in 
10,000  of  the  number  applied  in  the  sewage,  with  occasionally  a 
larger  number.  Some  of  these  probably  come  down  from  the 
surface,  but  the  larger  part  probably  grow  within  the  sand  or  in  the 
underdrains.  Their  number  in  these  places  appears  to  depend  upon 
the  amount  and  quality  of  the  food  supplied  to  them;  and  the 
larger  numbers  are  likely  to  be  caused  by  some  irregularity  in  the 
use  of  the  filter,  or  they  may  result  from  rain  falling  upon  the  filter- 
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TABLES 


ANALYSES  OF  EFFLUENT  AND  OBSEEVATIONS 


Fnter  Tank  jS"©.   2. 


D^eeinber 

.  1M7 

.1= 

P 

Rbsidub  on 
evaporatiox. 

ASCKOSriA. 

j 

XlTROOXlf  AS 

Tbmpbx- 

ATCKK. 

Datb. 

i 

1 

1 

|1 

! 

S 

1 

1 

1» 

138 

M 

.50 

2.10 

.0004 

.0053 

.0057 

.26  ' 

.0150 

None. 

._ 

. 

20..         . 

136 

ISS 

.60 

1.00 

.0000 

.0030 

.0080 

.21  1 

.0100 

None. 

- 

- 

21.. 

136 

1.6 

.65 

1.95 

.0000 

.0020 

.0020 

.23 

.0100 

Present. 

86* 

- 

22.. 

136 

ISO 

.55 

2.20 

.0002 

.0016 

.0018 

.23 

.0090 

Present. 

34* 

-■ 

23,. 

136 

111 

.60 

1.85 

.0000 

.0048 

.0048 

.22, 

.0100 

Present. 

- 

-• 

24.. 

272 

200 

- 

- 

- 

- 

- 

1 

- 

- 

85* 

25,  - 

272 

J3T, 

- 

- 

- 

- 

- 

i 

- 

- 

35* 

-■ 

26,  . 

272 

ml 

- 

- 

- 

- 

- 

- 

- 

- 

86* 

-•; 

27.. 

240 

1« 

- 

- 

- 

- 

- 

- 

- 

- 

- 

-' 

28,  . 

182 

244 

.70 

2.25 

.0000 

.0046 

.0046 

.22 

.0100 

Present. 

86* 

-i 

29,. 

272 

252 

1.55 

2.35 

.0058 

.0044 

.0102 

.86  ' 

.0200 

Present. 

85* 

-: 

30,. 

UO 

123 

- 

- 

- 

- 

- 

-    ' 

- 

- 

84* 

31,. 

40 

62 

- 

- 

-    ' 

- 

■; 

84* 

. 

I>eGember  19.  — First  sewage  applied.  Snow  and  ice  on  surface  as  follows :  December  10,  2  inches; 
Deoember  20, 1  inch;  December  22, 1  inch;  December  23, 1^  inch;  December  24,  two-thirds  of  surface 
covered;  December  :i5,  ^  loch;  December  26, 3-16  inch;  December  28,  IK  inch;  December  29, 1  Inch'; 
December  30, 151^  inch;  December  31,3  Inches.  December  28  and  31.  — Quantities  of  sewage  applied 
filled  the  tank. 

Total  effluent  to  end  of  month,  2,141  gallons. 
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Filter  Thnk  No.  2  —  Continued. 

Jann»i7«  19S8. 


i 
1. 

11 

1 

is 

c 

Rrsidub  on 
Evaporation. 

AxxoxiA 

1 

i 

NiTKOOKH  AS 

Tkmpkb- 

1       ATUSB. 

Date. 

i 

1 

1 

afl 

1 

1 

^4 

1 

s 
1 

e 

1. 

30 

82 

1.00 

2.60 

.0026 

.0060 

.0«6| 

.49 

.0100 

i>resent. 

- 

- 

2. 

200 

79 

- 

- 

- 

- 

- 

- 

- 

- 

3. 

155 

118 

1.00 

2.95 

.0018 

.0072 

.0090  ' 

72 

.0090 

Present. 

- 

- 

4, 

125 

99 

- 

- 

- 

-      , 

1 

- 

- 

- 

fi> 

78 

71 

2.40 

3.10 

.0052 

.0104 

.0156  ' 

.85 

.0000 

None. 

- 

- 

6. 

70 

52 

- 

- 

- 

,      - 

- 

- 

S4* 

- 

7. 

45 

54 

- 

- 

- 

- 

- 

- 

- 

35' 

- 

8, 

82 

43 

1.80 

3.55 

.0014 

.0058 

.0072 

1.06 

.0100 

None. 

35- 

- 

0. 

40 

44 

- 

- 

- 

- 

- 

- 

- 

85* 

- 

10, 

95 

53 

1.50 

3.70 

.0004 

.0076 

.0080 

1.16 

'   .0150 

l*resent. 

37* 

- 

11. 

200 

107 

- 

- 

_ 

- 

- 

1      , 

- 

37* 

- 

12. 

800 

220 

3.10 

4.75 

.0008 

.0086 

.0094 

;  1.76 

.0100 

None. 

38« 

- 

18, 

300 

207 

2.20 

4.90 

.0006 

.0090 

.0096 

;  1.92 

;  .0100 

None. 

40* 

- 

14. 

300 

278 

- 

- 

- 

- 

- 

- 

1     _ 

- 

40* 

- 

15, 

800 

277 

- 

- 

- 

- 

- 

- 

- 

- 

40* 

- 

16. 

800 

229 

3.35 

7.05 

.0004 

.0142 

.0146 

2.77 

.0010 

None. 

40" 

- 

17, 

238 

161 

3.15 

8.00 

.0012 

.0152 

.0164 

3.18 

.0080 

None. 

sy 

- 

18.         . 

1* 

265 

138 

3.45 

8.35 

.0007 

.0108 

.0115 

3.44 

.0180 

Present. 

38* 

- 

19, 

195 

112 

- 

- 

. 

- 

- 

- 

__ 

- 

40* 

3«- 

20,         . 

135 

60 

3.45 

8.90 

.0014 

.0110 

.0124 

3.54 

.0180 

.0001 

88* 

- 

21. 

60 

82 

- 

- 

- 

- 

- 

- 

- 

39* 

- 

22. 

10 

12 

3.25 

8.95 

.0048 

.0116 

.0164 

3.51 

.0100 

Present. 

ss- 

- 

28, 

150 

103 

'  2.95 

9.60 

.0040 

.0090 

.0130 

3.28 

.0150 

I»re8ent. 

sr 

- 

24. 

150 

105 

3.90 

8.55 

.0028 

.0094 

.0122 

3.30 

.0200 

Present 

38"       - 

26, 

150 

107 

3.00 

9.10 

!  .0046 

.0088 

.0134 

3.23 

.0200 

Present. 

38* 

- 

26, 

150 

82 

- 

- 

■      - 

- 

" 

-' 

- 

sr 

- 

27, 

160 

77 

2.86 

9.50 

.0066 

.0096 

.0162 

3.28 

.0250 

Present 

89* 

- 

28, 

112 

78 

- 

- 

- 

- 

- 

- 

- 

- 

35' 

se* 

29, 

92 

38 

- 

- 

- 

- 

- 

- 

,      - 

- 

35- 

- 

»). 

190 

143 

2.85 

10.20 

.0090 

.0116 

.0206 

3.26 

.0200 

.0006 

36" 

- 

81, 

150 

151 

2.30 

10.10 

.0032 

.0098 

.0130 

3.12 

'  .0250 

.0005 

3<r 

36" 

Snow  and  Ice  on  snrface  as  follows  r  January  1,  3  Inches  ice,  1  inch  snow;  Janaary  2,  2  inches  ice; 
January  3,  2^  Inches;  January  4,  2  inches ;  January  5, 6, 7  and  8,  2^i  Inches ;  January  9 and  10,  Sinehes; 
January  17,  4  inches;  January  30,  6  inches.  Frost  in  tonk:  January  U,  12  inches;  January  24,  16 
Inches ;  January  30,  2  feet. 

January  11.— Two  rings  cut  In  surface  and  filled  with  coarse  sand.  January  23  to  27  and  30. —Sew- 
age run  into  holes  cnt  through  ice  and  frost. 

Total  effluent  to  end  of  month,  5,498  gallons. 
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FiUer  Tank  No.  2  — Continued. 


1 

1 

<y 

ill 

Is 

BSSIDUK  OK 

Evaporation. 

AXXONIA. 

KiTROGBN  AS 

!   Tempeb- 

1       ATURB. 

1 

ii 

1 

1 

•< 

6 

1 

6 

i 

i?5 

1 

1        . 
1       & 

1 

1.         . 

.       150 

137 

2.90 

10.25 

.0046 

1      - 

.0092 

.0138 

3.15 

1 

1  .0300 

1 

.0010 

'              1 

'   36'  1   35* 

2. 

.  1     150 

124 

j 

- 

- 

- 

!   - 

- 

,   36'  1   36* 

3, 

.  1     150 

110  ' 

2.00 

10.00 

1  .0068 

.0098 

.0168 

2.76 

.0280 

.0012 

'  36«  1  se* 

4. 

.  1     150 

121 

1      - 

- 

1 

1      " 

- 

1' 

"      l'      ■ 

1      - 

- 

1   87*  1  36- 

6. 

.        130 

1     106 

i.ao 

10.20 

1  .0058 

.0112 

.0170      2.59 

.0250 

1 

.0008 

'   89*  1   36' 

«> 

.  1     135 

109 

1.50 

10.00 

1  .0036 

.0118 

.0154    ,  2.50 

1  .0180 

'.0006 

1          1 
39-  I   36- 

T. 

.  1     150 

153  i 

1.75 

10.20 

.0044 

.0082 

.0126    1  2.72 

1  .0150 

I 

j  .0300 

Present. 

1  38»  1   Sb' 

8. 

.  1     150 

149  ' 

2.20 

10.60 

.0066 

.0084 

.0140 

2.75 

Fretent. 

37- 

1 

», 

150 

121 

- 

- 

- 

- 

- 

~ 

- 

'   86- 

36- 

10, 

.       150 

130 

2.00 

10.10 

.0144 

.0110 

.0254 

j  2.52 

.0250 

NoDe. 

38* 

- 

11. 

.       150 

104 

_ 

- 

1     ■ 
1 

- 

- 

1      - 

- 

- 

js.- 

36- 

12, 

150 

108  ' 

1 

1.80 

10.30 

1  .0336 

.0114 

.0450 

2.68 

.0050 

None. 

44*       - 

13. 

150 

142, 

- 

- 

1      - 

1 

- 

- 

- 

~ 

- 

|«.    - 

14. 

160 

169  ' 

1.70 

11.00 

1  .0896 

.0158 

.1054 

2.75 

.0000 
.0050 

None. 

1  44"  1   36* 

15. 

1§0 

.ml 

1.50 

11.20 

1  .1170 

.0190 

.1360 

2.66 

None. 

1  44-  1   35- 

10. 

150 

170  , 

1 

- 

- 

- 

- 

- 

- 

- 

- 

[44- 

36* 

17, 

125 

119 

1.90 

10.50 

.1290 

.0190 

.1480 

2.60 

.0060 

None. 

68' 

Zb* 

18, 

150 

lis' 

1 

- 

- 

- 

- 

- 

- 

- 

64- 

- 

19. 

150 

140  1 

- 

- 

1 

- 

-' 

1      - 

- 

- 

64' 

20, 

150 

152' 

2.70 

11.80 

.2140 

.0170 

.2310 

'  2.96 

[  .0050 

Nono. 

44" 

36* 

21, 

150 

'l53 

- 

- 

j 

- 

_ 

- 

1      - 

- 

45- 

86* 

22. 

150 

223| 

2.50 

11.30 

1  .2600 

.0380 

.2980 

1  2.40 

1 

I  .0060 

Present. 

1   67'  1   36» 

23. 

150 

77  1 

- 

- 

1      - 

- 

- 

1   -1 

- 

- 

[   65-  j   36- 

24, 

150 

230  1 

2.50 

11.10 

.1890 

.0340 

.2230 

2.60 

1  .0060 

None. 

,  66-  [    . 

26, 

.         .,150 

208  1 

- 

- 

- 

- 

- 

- 

1 
1 

- 

1   66'  1   36' 

26. 

■      •!  150 

196 

- 

" 

- 

- 

- 

1   - 

1 

- 

55"      35« 

27. 

.       150 

132 

2.00 

11.40 

.2050 

.0260 

.2310 

2.42 

.0020 

None. 

1  44"      86" 

28, 

.      150 

101 

- 

- 

- 

- 

- 

- 

- 

'   54"     36» 

20, 

150 

113 

i 

2.00 

11.90 

1 

.2150 

.0290 

.2440 

2.20 

.0060 

None. 

'   63* 

1 

86« 

Febmary  7.  — A  new  hole  cut  through  27>^  Inches  of  frost.  February  15. — 4  inches  of  water  standing 
in  hole*.  February  17.  —  Trench  cut  throagh  Ice  and  25  gallons  of  water  siphoned  from  surface.  Febru- 
ary 20. —  2  Inches  of  ice  and  water  removed.  February  23.  —  Holes  cut  through  frost  and  boiling  water 
put  on.  February  24.— Entrance  made  through  frost  by  hot  water  and  by  holding  end  of  hose  agaiost 
surface  as  aewage  was  applied. 

Total  effluent  to  end  of  month,  9,624  gallons. 
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Filler  Tart*  No.  2  —  Continued. 


1 

g'3 
at 

v>:4 
c  n 
►.3 

s . 

EVAPOBATION. 

Amxokia. 

1 

KiTBOaSN  A8 

|l 

TSVPBS- 
ATCRB. 

Datjb. 

ii 

1 

i 

|1 

1 

1 

5 

^ 

1 

1.       . 

150 

109 

« 

. 

_ 

. 

. 

„ 

_ 

. 

_ 

1 

65'     35' 

2.       . 

150 

122 

2.10 

11.80 

.2320 

.0350 

.2670 

2.14 

.0070 

PnMDt 

61- 

- 

8.       . 

;50 

140 

- 

- 

- 

- 

- 

- 

- 

- 

- 

58- 

35» 

4.       . 

150 

122 

- 

- 

•    - 

- 

- 

- 

- 

- 

- 

67-     35* 

6.       . 

150 

120 

2.80 

11.40 

.2960 

.0260 

.3220 

2.02 

.0060 

.0001 

- 

65-     34* 

«,       . 

150 

08 

- 

- 

- 

- 

- 

- 

- 

- 

- 

61'     36* 

7,       . 

150 

138 

2.00 

11.80 

.8000 

.0240 

.8240 

2.40 

.0050 

.0002 

- 

6©-     »• 

8.       . 

150 

141 

- 

- 

- 

- 

- 

- 

- 

- 

- 

4r     - 

».       . 

150 

166 

2.00 

11.20 

.2720 

.0230 

.2950 

2.20 

.0060 

.0006 

- 

50*     S5" 

10,       . 

475 

14 

- 

- 

- 

- 

- 

- 

- 

- 

- 

66*      - 

11.       . 

400 

151 

- 

- 

- 

- 

■- 

- 

- 

- 

- 

65"     36* 

12,       . 

150 

151 

1.00 

12.60 

.2200 

.0270 

.2470 

2.20 

.0080 

.0004 

1        - 

75*    se* 

18,       . 

150 

150 

- 

- 

- 

- 

- 

- 

- 

- 

- 

75'     35' 

14,       . 

475 

150 

- 

- 

- 

- 

■      - 

- 

- 

- 

- 

63"     35' 

16,       . 

200 

800 

- 

- 

- 

- 

- 

- 

- 

.- 

- 

fiS'  1  35' 

16,       . 

500 

589 

2.20 

12.30 

.4200 

.0310 

.4510 

2.88 

.0050 

.0006 

- 

68-  !  34' 

17,       . 

600 

486 

- 

- 

■? 

- 

- 

- 

- 

- 

- 

58'  1  34' 

18,       . 

600 

463 

- 

- 

- 

- 

- 

- 

- 

- 

- 

61'     35- 

M,       . 

500 

546 

2.90 

12.40 

.6400 

.0300 

.6700 

2.80 

.0020 

.0001 

1 

68''  34' 

20,       . 

500 

483 

- 

- 

- 

- 

- 

- 

- 

- 

1 
1 

68' 1  35' 

21,       . 

500 

672 

2.50 

12.20 

.6360 

.0230 

.6590 

2.70 

.0090 

".0015 

1 

9ar     85' 

22,       . 

500 

490 

- 

- 

- 

- 

- 

- 

- 

- 

2b.45m. 

49'!35- 

28,       . 

- 

118 

1.90 

12.70 

.6600 

.0190 

.6790 

2.98 

.0040 

.0003 

- 

-    sr 

24,       . 

150 

92 

- 

- 

- 

- 

- 

- 

-• 

- 

lh.32in. 

60' 1 3r 

25,       . 

160 

123 

- 

- 

- 

- 

- 

- 

- 

- 

- 

66' 

3r 

28,       . 

150 

154 

2.60 

12.10 

.6800 

.0220 

.6020 

2.70 

.0040 

.0002 

lh.52in. 

67' 

S6* 

27,       . 

160 

274 

- 

- 

- 

- 

- 

- 

- 

-      1 

- 

65' 

W 

28,       . 

150 

235 

1.70 

11.80 

.6400 

.0220 

6620 

2.74 

.0070 

.0003 

- 

63" 

se* 

29,       . 

150 

184 

- 

- 

- 

- 

- 

- 

- 

lh.21iii. 

62' 

38* 

30,       . 

150 

153 

1.90 

12.40 

.6200 

.0190 

.6390 

2.60 

.0060 

.0002 

Ih. 

54' 

8«* 

81,       . 

150 

147 

- 

- 

- 

- 

- 

- 

- 

- 

- 

9r 

sr 

Efflnent  colorless  and  generally  nearly  clear  and  with  alight  sediment. 

March  10,  9.44  A.M.,  to  March  15,  5.20  P.M.  — Outlet  of  tank  closed  except  for  about  40  minntea  diily 
when  effluent  was  drawn.  March  11.  — Applied  sewage  settled  but  .01  inches  in  1.5  hoars.  March  lA. 
—  Snow  all  removed  from  surface.  March  25.  — Second  75  gallons  sewage  applied  disappeared  in  ^ 
minutes;  March  27,  in  84  minutes. 

Total  effluent  to  end  of  month,  17,415  gallons. 
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Filter  Tat^  M.  2  — Continued. 
Am**i,  lam. 


Residue  ok  , 
EvafoeationJ 

1 

AmfOKiA. 

j 

NiTBOOBlf  AS 

1 

Tkxpbr- 

ATUKB. 

Dxn. 

.1 

1 

1 

|l 

^ 

Z 

?5 

! 

1 

1.      . 
8,      . 

3,  . 

4,  . 
6.      . 
«.      . 
T,      . 
8.      . 
•.      . 

10.      . 

u,     . 

12.  . 

13.  . 
M.       . 
15.      . 
18,      . 

n,    . 

18,      . 

21.      . 
».      . 

a.    . 
H     . 
M,    . 

M.      . 

27.  . 

28.  . 

29.  . 
80.      . 

150 
150 
150 
150 
150 
150 
150 

150 
160 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
800 

150 
150 
150 
150 
150 
800 

145 
818 
156 
142 
181 
211 
70 

16& 
141 
282 
151 
140 
148 
148 
123 
129 
143 
137 
136 
803 
68 
106 
129 

139 

188 

250 

65 

1  1.70 
0.80 
1.50 
1.70 

1.40 

1.40 
1.00 

~ 
1.40 

1.70 
1.90 
1.90 

2.80 
1.20 
2.50 

12.80 
11.30 
10.90 
10.90 

10.90 

10.90 
10.80 

11.60 

10.50 
10.20 
10.20 

12.80 
12.20 
12.40 

.6500 
.5800 
.5500 
.6000 

.4800 

.6000 
.4500 

.5600 

.5000 
.4800 
.5800 

.5500 
.6500 
.5700 

.0310 
.0220 
.OSOO 
.0260 

.0100 

.0220 
.0180 

.0190 

.0160 
.0160 
.0160 

.0190 
.0130 
.0170 

.6810 
.6020 
.5800 
.6250 

.4900 

.6220 
.4630 

.5790 

.6160 
.4960 
.5960 

.5690 
.6630 
.5870 

1 

2.50 
2.20 
2.30 
2.20 

2.02 

2.16 
1.84 

2.18 

2.83 
2.26 
2.86 

2.88 
8.28 
8.00 

.0100 
.0080 
.0080 
.0120 

.0100 

.0080 
.0120 

.0250 

.0800 
.0800 
.0850 

.0250 
.0150 
.0200 

.0003 

.0002 
.0001 
.0002 

.0002 

.0001 
.0002 

.0007 

.0003 
.0005 
.0005 

.0005 
.0004 
.0004 

45  m. 

62  m. 
lh.24m. 
58  m. 
2h.l8m. 

lh.9m. 

Ih. 

lh.52m. 

lh.23m. 
Ib.Slm. 
2h.5dm. 
lb.49m. 
lh.25m. 
lh.22m. 

46* 
43* 
43- 
42* 
44' 
46* 
45* 

86- 
45* 
44' 

43* 
42- 
45- 
45* 
42* 
45- 
46' 
42. 

43- 
44* 

42- 
43* 
42* 
46* 
44* 
46- 

sr 
sr 

37* 
37* 
38* 

89- 
89* 
89- 
89* 
39* 
39* 
39' 
40* 
40» 
40' 
40* 
40* 
40- 

42* 
41* 

4r 

42* 
42- 
42* 

Efflaent  colorleM  and  generally  dear,  or  very  nearly  so,  and  with  very  little  or  no  sediment. 
Organisms  visible  to  the  naked'eye  in  samples  tbroughout  the  month.    April  7,  9.22  a.m..  to  April  9, 
8.27,  A  ][.—OQtIet  closed.    River  high.    April  30,  6.30  a.m.  — Omlet  closed.    River  high. 
Total  efHaent  to  end  of  month,  21,757  gallons. 
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Filter  Tank  No.  2  —  Continued. 

Vmy,  IS8S. 


1 

P 

1 

St  S 

ot     1 

Rksidck  on 

EVAPOBATIOX. 

Ammoxia. 

i 

1 

NiTKOOKK  A8 

1^ 

Tempks- 

JLTL-BE. 

Date. 

i 

1 

^ 

i^ 

< 

1 

w 

S 

1 

c 

1 

1..       . 
2..       . 

8, .   ; 

4,  .       . 

6,  .       . 
6,.        . 

7,  . 

8,  .        . 
»,  .        . 

10,.        . 
11..        . 
12..        . 
13,.        . 
14,.        . 
16,.        . 

16,  .        . 

17,  . 

18,.        . 
19,.        . 

20,  .        . 

21,  . 
22..        . 

23.  .        . 

24,  .        . 
25,.        . 
26.  .        . 
27,.        . 
28,.       . 
29,  .        . 
80,.        . 
81,.        . 

1  " 

I     150 
300 

150 
130 
150 
130 
130 
300 

150 
150 
300 

150 
150 
150 
150 
150 
300 

150 
150 
350 
150 

1 

]  1 

100 
257  '■ 

71 

90 

95 
222 
177 
137 
443 

46 

- 
231, 

125  j 

280, 

66 

90 
120 
119 
127 
128 
237 

64 
111 
194 
147 
133 

8.80 

2.50 
2.70 

3.30 

3.00 

3.20 
6.10 

3.00 

14.00 

13.60 
12.40 

16.80 

14.60 

13.30 
13.30 

14.60 

.4800 

.6600 
.6800 

.6700 

.5000 

.4700 
.5000 

.4300 

.0240 

.0210 
.0120 

.0160 

.0120 

.0090 
.0140 

.0180 

.6040 

.6710 
.5920 

.6860 

.5120 

.4790 
.5140 

.4480 

8.00 

8.22 
3.41 

3.90 

1      _ 

1   - 
1  - 

3.22 

3.28 
3.06 

4.64 

.0460 

.0400 
.0400 

.0200 

.0660 

1      . 
1  .1400 

1   '. 

.2300 

1 

i      I 
.8600 

.0016 

.0010 
.0012. 

.0011 

.0020 

.0028 
.0069 

.0044 

48  m. 
53  ra. 

45* 
45- 

6cr 

48- 

.  60* 
61* 
61* 

t   4»- 

49- 

1   50* 

61* 
62* 
63- 
6&* 
5«- 

57* 

1     _ 

1   67* 
66- 

i  5r 

i 

4«- 

45- 

4T 
47" 
47- 

4r 

49^ 
49- 
49- 

50* 

sr 

50* 

sr 
sr 

52" 
53* 
64* 

w 

Effluent  colorl«>u  and  generally  clear,  or  very  nearly  so,  and  with  very  little  or  no  sediment. 
Organisms  visible  to  naked  eye  in  samples  of  first  half  of  month.   May  4.  — Outlet  opened  at  7.48 ▲.x. 
May  13, 12.06  p.m .,  to  17,  7.40  a.m.  —  Outlet  closed.    River  high. 
Total  effluent  to  end  of  month,  26,667  gallons. 
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FiUer  Tank  No.  2  —  Continued. 


Jane.  188S. 


i 

'11 

ii 

11 

is 

RSSIDUB  OK   1 

Evaporation.! 

AXXONIA. 

i 

NiTROOKN  A8 

Tbhprb- 

ATURB. 

Datb. 

i 

1 

1 

^ 

1 

i 
s 

1 

1 

1,.       . 

1 
150 

125 

. 

. 

. 

« 

1       - 

. 

bsr 

54- 

2..       . 

300 

227 

6.60 

15.30 

.4300 

.0070 

.4870 

2.78 

!    .8000 

1 

.0050 

60" 

66* 

3..       . 

- 

60 

- 

- 

- 

- 

- 

- 

i      - 

- 

- 

- 

*..       . 

150 

90 

- 

- 

1      - 

- 

- 

- 

1      - 

- 

BT 

65- 

5,.       . 

150 

121 

1 

- 

1      - 

- 

- 

- 

- 

- 

61* 

56" 

6..       . 

150 

138 

9.60 

17.80 

.4500 

.0140 

.4640 

3.60 

2.7000 

.0180 

61* 

58' 

T..       . 

150 

137 

- 

- 

1      - 

- 

- 

- 

- 

- 

64* 

68* 

8,.       . 

150 

129 

- 

- 

1      - 

- 

- 

- 

- 

- 

64- 

69- 

».. 

300 

222 

16.10 

18.50 

.4500 

.0190 

.4600 

4.60 

1.9000 

.0130 

66- 

69* 

10,. 

- 

54 

i 

- 

- 

- 

- 

- 

- 

- 

- 

- 

11.. 

150 

92 

1      - 

- 

- 

- 

- 

- 

1   - 

- 

68- 

60" 

12.. 

150 

118 

- 

. 

- 

- 

- 

- 

1   _ 

I 

-      1 

65« 

60* 

13,. 

150 

112 

20.60 

26.60 

.4500 

.0090 

.4590 

5.25 

2.3000 

.0240 

64» 

60- 

w.. 

150 

185 

- 

- 

- 

- 

- 

- 

- 

-      I 

65- 

60- 

15,. 

160 

163 

- 

- 

- 

- 

- 

- 

- 

"      i 

66- 

61' 

M,.       . 

300 

232 

12.20 

26.80 

.4700 

.0140 

.4840 

5.22 

'2.9000 

.0440  ; 

66- 

62* 

17,. 

- 

88 

" 

- 

- 

_ 

- 

- 

1 

1      - 

- 

- 

- 

18,. 

100 

69 

- 

- 

_ 

_ 

- 

- 

i      - 

- 

68- 

64" 

19.. 

100 

67 

- 

- 

- 

- 

- 

- 

1 

- 

68" 

6** 

20,. 

100 

80 

16.60 

20.60 

.3300 

.0140 

.3440 

4.65 

2.2000 

1 

.0750 

70* 

63* 

21,. 

100 

91 

- 

- 

- 

- 

- 

- 

1      - 

- 

69* 

63* 

22,. 

100 

100 

- 

-• 

- 

- 

- 

- 

1      - 

- 

69" 

65* 

23,. 

200 

153 

22.40 

20.50 

.2500 

.0200 

.2700 

4.85 

'2.3000 

.1200 

73- 

6r 

24.. 

- 

62 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

25,. 

100 

'  77 

- 

- 

- 

- 

- 

- 

- 

- 

71" 

66* 

28.. 

100 

120 

- 

- 

- 

- 

- 

- 

- 

- 

69* 

66* 

27,. 

100 

125 

8.40 

24.00 

.3600 

.0080 

.3680 

6.20 

1.8000 

.0700 

69- 

66* 

28.. 

100 

65 

_ 

_ 

„ 

_ 

„ 

1 

_ 

68- 

63* 

2».. 

100 

78 

- 

- 

- 

. 

- 

- 

66- 

66- 

».. 

200 

111 

10.20 

23.10 

».22UU 

.0260 

.2460 

5.87    1 1.6000 

.0800 

67* 

66* 

Effluent  colorless,  generally  clear,  and  with  very  Utile  sediment. 
Totml  efflaenfc  to  «nd  of  month,  29,067  gallons. 
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Filter  Tank  No.  2  —  Continued. 

July,  ISSS. 


Date. 


1. 

2, 

3> 

4, 

6, 

«, 

7, 

8, 

9, 

10, 

11, 

12. 

13, 

14, 

15, 

16, 

17, 

18. 

19, 

20. 

21, 

22, 

28. 

24, 

26. 

26. 

27, 

28, 

20, 

80. 

81, 


Of 


100 
100 
100 
100 
100 

aoo 

100 
100 
100 
100 
100 
200 

100 
100 
100 
100 
100 
200 

100 
100 
100 
100 
100 
200 

100 
100 


si 


74 
63 
67 
69 
70 
65 
02 
70 
67 
67 
66 

123 
86 

114 
80 
66 
71 
34 
86 

176 

144 
97 

107 
98 
80 
72 
71 

131 
88 
65 
72 


Rbudub  ozr 

EVAPOKATIOlf. 


.1 


3.60 


12.80 


7.40 


10.70 


8.20 


6.10 


8.30 


26.60 


26.30 


29.30 


23.60 


Amxokia. 


.1900 


.1600 


.2000 


.1600 


.1100 


.0900 


.0120 


.0060 


.0140 


.0120 


.0110 


.0170 


.2020 


.1640 


.2120 


.1700 


6.42 


6.84 


8.86 


8.28 


.1270  ,    7.83 


.1020 


7.90 


NiTBOGBir  AS  I 


1.9000 


1.2700 


1.8300 


1.1500 


1.0600 


.0800 


.0600 


.0460 


.0800 


.0226 


.0176 


a 

|i 
1^ 


Tbjcpxb- 

ATCBS. 


lh.67m. 


06* 
65- 

OS- 
70* 


66* 

ar 

69* 
68- 

er 

69* 


6r 

00* 
69* 

6r 

68* 


68- 

er 

68* 


68- 

69' 


69* 
70* 
70* 
70* 
09* 
68* 


71*     70* 
72*     70* 


Effluent  colorless,  and  generally  clear,  and  free  from  sediment. 

Jaly  19, 11.14  a.m.,  to  20,  2  p.m.  — Outlet  closed  on  accoant  of  leak  In  meaanring  basin.    July  &•- 
Organisms  visible  to  naked  eye  In  sample. 
Total  effluent  to  end  of  month,  31,686  gallons. 
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Filter  Tank  No.  2  — Continued. 

Ancaat,  18M. 


1 
1. 

11 

9 

p 

3  *» 

RK8IDUS  OK 
£VA.POlUTlOX. 

Ammokia.            1 

i 

XlTROGKN  AS 

■|§ 

Tkmpbb- 

ATUBX. 

DATS.. 

e 

It 

1 

i 

«l 

«     1 

1' 

1 

1 

1 

1 

I.  ., 
s.      . 

4, 

s.      . 

8.        . 
T, 

8,        . 

10,  . 

II.  . 

11.  . 

13.  . 

14.  . 

15.  . 
18,         . 
I', 

18.        . 
10.       . 

20.  . 

21,  . 
22, 

23.  . 

24.  . 

25.  . 
28.        . 
2T.        . 

28,  . 

29,  . 

30,  . 
81,       . 

100 
100 
100 
200 

100 
100 
100 
100 
100 
200 

100 
100 
100 
100 
100 
200 

100 
100 
100 
100 

'aoo 

200 

100 
100 
100 
100 

»6 
83 
76 

113 
89 
79 

149 

108 

102 
98 

129 
78 

138 

118 
93 
94 
96 

149 
82 
66 
70 

174 
98 
82 

132 
65 
60 
66 
71 
78 
74 

.00 
.30 

1.80 
.50 

3.00 
5.10 

4.40 
2.90 

8.40 

81.00 
30.00 

24.90 
28.60 

27.70 
25.00 

25.00 
25.80 

.1000 

.^ 

.0480 

.0164 

1 

.0136 
.0096 

.0064 
.0022 

.0012 

.0110 
.0660 

.0120 
.0098 

.0078 
.0090 

.0110 
.0100 

.0080 

1 
.1110 

I 

.2360 

.0600 
.0262 

.0214 
.0186 

.0194 
.0122 

.0002 

8.91 
9.01 

1      - 
8.48 

7.90 

8.00 
8.80 

8.25 
7.90 

6.80 

1.4000 

*■ 

1.1200 

1.2500 
1.3000 

1.2000 
1.1500 

1.0000 
1.1600 

.8200 

.0200 
.0180 

.0160 
.0060 

.0080 
.0060 

.0080 
.0008 

.0002 

24  h. 
24  h. 
28h.a0m. 
24  h. 
24  h. 
24  h. 

23  b. 

24  b. 
22h.l7m. 

5h.41ni. 
19h.58m. 

3h.39m. 
5h.28in. 

73- 
73' 
73* 
74- 

74* 

72- 
72* 
73« 
72- 
73» 

70* 

60* 
69» 
70" 
70* 

71* 
71- 
70- 
70- 
70- 
70* 

71* 
70* 
69* 
70* 

70" 

70- 
71* 
71* 
71- 

70* 
70* 
70* 
71- 
71- 
69* 

69* 
69* 
70- 
72- 
70» 
70" 

7r 

71- 
60* 
69* 

7r 

72* 

71* 
69- 
70- 
70- 
71- 

EfllneDt  clear  and  colorleas  and  wltb  very  little  or  no  sediment. 
'    Alter  AnguBt  1  resldne  on  evaporation  obtained  wltb  sodium  carbonate.    Angnst  22.  — 100  gallon* 
water  siphoned  from  snrfaee.    August  28.  —  Bewage  applied  did  not  disappear  till  night. 

Total  efEluent  to  end  of  month*  84,688  gallons. 
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Filter  Tank  No.  2  —  Continued. 

Meptember,  1888. 


Datk. 


1, 
2, 
8. 
4, 

«, 
7. 

8, 

10, 

11. 
12, 
13. 
14. 
15, 
16. 
17. 
18, 
19. 
20. 
21. 
22, 
23, 
24, 
25, 
26, 
27, 
28, 
29, 
30, 


200 

100 
100 
100 
100 
100 
200 

100 
100 
100 
100 
100 


200 


200 


200 


9.1     RK8IDUR  OX 
€  c       EVAPORATIOX. 


P;l 


140      1 

80  I 

58   ; 

7a  |i 
74 
66 
53 
28S 

131    I 

^     Ii 


.80 


II 


M|      - 
113  I   2.60 

rJ    - 


23.90 


22.30 


1.00 


72 

59 

38 

71 
156 
147 

76 
141  t 
13: 

31 

99  Ij      - 

«,   - 

146   '  1.20 

67  ||      - 

m       - 

62    '     .70 

18  'i      - 


27.20 


AXXOXIA. 


.0014 


81.00 


.0012 


36.80    '  .0004 


1 


.0008 


.0088 


.0070 


.0078 


.0064 


.0076 


.0112 


.0102 


.0084 


.0072 


NimOGEX  AS 


5 
s 


6.00 


5.13 


It 


.8000    .0001    27h.44m. 


.7000 


5.20  I     .6300 


12.60 


12.62 


12.30 


1.0500 


.8000 


.9600 


.8700 


.0000    48h.l0m. 


.0000 


2]h.39m, 


24  h. 
24  h. 
44  h. 


ATCKK. 


%\      1 


71' 


TO- 


i  70- '  n* 
n*  I  68* 
70*  I  ro- 
es* I  68* 

I 

66*  !  69* 


69* 


64*     6S* 
88* 


24h.59m. 


65'     6S* 


27h.48m.;!  63* 


66* 
87* 


.0000  I 


5h.62m. 


.0000  ' 


68*     64* 
-      65* 


58' 


Effluent  colorless  and  generally  clear  and  free  from  sediment. 

September  5,  6  and  21.  —  Sewage  applied  disappeared  during  the  night.  September  18.  — 135  gallooi 
siphoned  off  and  the  rest  disappeared  daring  the  night.  September  21.  —  Water  on  sarfaoe  in  moniinf. 
September  22.  — 110  gallons  siphoned  off;  September  26. —270  gallons. .  Some  left  on  sarface. 

Total  effluent  to  end  of  month,  37,533  gallons. 
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Fitter  Tank  yo.  2  —  Continued 

October,  I88S. 


1. 

1  Rksidcbom 

EVAPOKATION. 

Ajixoxia. 

1 

NlTROOBir  AS 

,         Sewage  remained 
on  Surface. 

TEXrKK- 
ATCRK. 

DATS. 

]i 

1 

1 

a 

s 

OQ 

1 

e 

p. 

s 

i 
1 

I 

1,           . 

20O 

119 

- 

« 

_ 

. 

_ 

_ 

_ 

153- 

61* 

2.         . 

- 

118 

- 

- 

- 

- 

- 

- 

- 

1        " 

62* 

8. 

aoo 

123 

.50 

35.30 

.0000 

.0086 

.0086 

11.86 

.8560 

.0000 

51- 

62* 

4. 

- 

101 

- 

- 

- 

- 

- 

- 

- 

i        - 

- 

61* 

5,         . 

aoo 

105 

- 

- 

- 

- 

- 

- 

- 

- 

22h.l8m. 

50- 

61* 

6.         . 

- 

95 

1.90 

31.80 

.0004 

.0082 

.0086 

10»10 

.8200 

.0000 

i        -        ' 

- 

60* 

7. 

- 

90 

- 

- 

- 

- 

- 

- 

- 

1        - 

- 

- 

8.         . 

200 

160 

- 

- 

- 

- 

-      ' 

- 

- 

- 

1        - 

52* 

59' 

9,        . 

- 

107 

- 

- 

- 

- 

-      i 

- 

- 

- 

, 

- 

68* 

10, 

aoo 

09 

.60 

28.80 

.0006 

.0066 

.0072 

8.75 

.8000 

.0000 

1 

;  49* 

68* 

n.      . 

- 

95 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1  " 

69* 

12.        . 

aoo 

81 

- 

-      . 

- 

- 

- 

- 

- 

- 

1        - 

1*^' 

57* 

13.        , 

- 

116 

.20 

25.00 

.0004 

.0084 

.0088 

6.65 

.7300 

.0000 

1        - 

1  " 

57^ 

14, 

- 

64 

- 

.      I 

- 

- 

- 

- 

- 

- 

1        - 

- 

15,        . 

aoo 

M 

_ 

-      1 

- 

- 

- 

- 

- 

- 

'        ■ 

'  47» 

1 

5r 

1«,        . 

- 

82 

- 

- 

- 

- 

- 

- 

- 

- 

1    " 

57* 

17, 

200 

87 

1.60 

23.30 

.0002 

.0074 

.0076 

6.80 

.6800 

.0000 

-        1 

48- 

55* 

18,         . 

- 

120 

- 

- 

- 

- 

- 

- 

- 

- 

- 

55- 

19. 

200 

107 

- 

- 

- 

- 

- 

- 

- 

- 

48h.54m.^ 

46' 

56* 

a.      . 

- 

70 

1.20 

22.40 

.0004 

.0084 

.0088 

5.00 

.6200 

.0000 

- 

- 

56- 

21, 

- 

99 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

22,        . 

aoo 

56 

- 

- 

- 

- 

- 

1      . 

- 

1 

45' 

56* 

23.        . 

- 

100 

■" 

- 

- 

- 

- 

- 

- 

- 

- 

- 

54" 

24, 

aoo 

67 

1.00 

21.90 

.0006 

.0058 

.0064 

5.05 

.8400 

.0000 

- 

45* 

63* 

25,         . 

- 

107 

- 

- 

- 

- 

- 

- 

- 

- 

1        . 

- 

53" 

28.         . 

aoo 

93 

- 

- 

- 

- 

- 

-■ 

- 

- 

- 

45* 

- 

27,        . 

- 

95 

1.30 

20.80 

.0002 

.0046 

.0048 

4.S8 

.9400 

.0000 

- 

- 

53* 

28.        . 

- 

76 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

29, 

aoo 

72 

- 

- 

- 

- 

- 

- 

- 

- 

Odys. 

46" 

54* 

80.        . 

- 

67 

- 

- 

- 

- 

- 

- 

_ 

- 

- 

- 

54* 

31,        . 

aoo 

M 

1.30 

21.10 

.0002 

.0064 

.0066 

4.50 

.8500 

.0000 

- 

46- 

54* 

Effluent  clear  and  colorless  and  generally  free  from  sediment. 

Octobers.— 25 gallons  water  siphoned  from  surface;  October  18.  — 85  gallons.  Some  water  left; 
October  25.— 115  gallons.  October  10  and  17.  — Sewasre  applied  disappeared  during  second  night 
aiter.— October  17.  24  and  29.  —  Some  water  on  surface  before  sewage  was  applied. 

Total  effluent  to  end  of  month,  40,411  gallons. 
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Fitter  Tank  No.  2  —  Contmued. 


P 

79 

Rbsiduk  ok 

EVAPOHATIOX. 

AXMOMIA. 

NiTROQES  A8 

fiewage  rcmatncd 
on  Burfhcc. 

'   Tbmpeb- 

1       ATCSE. 

Datb. 

il 

1 

1 

Em 

< 

1 

1 

5 

1    ^ 

t 

1, 

« 

_ 

_ 

_ 

« 

1 

- 

- 

- 

1 

- 1«- 

2,         . 

- 

58 

- 

- 

- 

- 

- 

! 

- 

- 

- 

-        55' 

8, 

- 

67 

1.00 

21.90 

.0000 

.0070 

.0070 

4.49 

.8500 

.0000 

- 

-       «• 

4. 

- 

37 

- 

- 

- 

- 

- 

1      - 

- 

- 

- 

-        - 

6, 

150 

43 

-■ 

- 

- 

- 

- 

1      - 

- 

- 

29h.20m. 

48"  -  5i' 

6,         . 

- 

69 

- 

- 

•- 

- 

- 

1      - 

- 

- 

- 

1    -    '  «• 

7, 

150 

50 

.30 

22.80 

.0004 

.0072 

.0078 

I4.69 

.8700 

.0000 

24h.19m. 

50"  i  «• 

8, 

- 

46 

- 

- 

- 

- 

- 

- 

- 

- 

- 

-       «• 

o> 

150 

57 

- 

- 

- 

- 

- 

- 

- 

- 

49*     55- 

10,          . 

•     - 

94 

.80 

21.10 

.0006 

.0070 

.0076 

4.51 

.8300 

.0000 

- 

-       54* 

11. 

- 

65 

- 

- 

- 

- 

- 

- 

- 

- 

1     -    '    - 
1          j 

12,         . 

150 

89 

- 

- 

- 

- 

- 

i 

- 

- 

4eh.l6m. 

45-  I  KT 

18, 

- 

90 

- 

- 

- 

- 

_ 

- 

- 

- 

'    - 

53* 

14,          . 

150 

80 

1.50 

21.80 

.0004 

.0030 

.0084 

4.53 

1    .8500 

.0000 

- 

43* 

53* 

15,          . 

- 

100 

- 

- 

_ 

- 

- 

- 

I      - 

- 

- 

- 

52* 

16. 

150 

130  1 

- 

- 

- 

- 

- 

1      - 

- 

21h.55m. 

42- 

5? 

17, 

- 

1 
90 

1.90 

21.70 

.0000 

.0068 

.0068 

4.70 

'    .8500 

.0000 

. 

'    - 

sr 

18, 

- 

25 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

w,      . 

150 

95 

- 

- 

- 

- 

- 

1 

- 

- 

40* 

51* 

20. 

- 

83 

- 

- 

- 

- 

- 

- 

- 

- 

1        - 

- 

51* 

21, 

150 

71 

.70 

22.40 

.0004 

.0070 

.0074 

4.16 

1.0000 

.0000 

- 

38* 

49' 

22. 

- 

48 

- 

-      1 

- 

- 

- 

- 

'    - 

- 

' 

1 

49" 

23,         . 

150 

50  ' 

- 

-      I 

- 

- 

- 

- 

1   . 

- 

1        .     ■ 

44-     4? 

24, 

- 

53 

1.00 

22.80 

.0006 

.0082 

.0088 

4.86 

.9500 

.0001 

1        - 

-    ^P 

25, 

- 

9 

- 

-      ' 

- 

- 

- 

- 

1 
1 

- 

i        _ 

1 

26, 

150 

54 

- 

- 

- 

- 

- 

- 

- 

45-     4? 

27, 

- 

83 

- 

- 

- 

- 

- 

- 

- 

_ 

- 

-  1 4r 

144-     .8- 

28, 

150 

126 

2.80 

22.50  i 

.0000 

.0066 

.0066 

4.43 

.7000 

.0000 

- 

29,         . 

- 

62 

- 

-      t 

- 

- 

- 

. 

- 

- 

. 

1    -      46* 

80.         • 

150 

71 

- 

- 

- 

_ 

- 

- 

46-     47 

Efflaent  clear  and  colorleu  and  with  very  little  or  no  aedlment. 

Ice  OD  surface  :  Xovembir  11, 1-16  inch;  November  12.  'i  inch;  November  22,  *,'  inch  In  spota;  No- 
vember 23  and  26,  >i  inch;  November  27,  a  few  spots.  November  12,  56  gallons  water aipboned  from 
surface.  November  22,  canvas  cover  put  over  tank.  November  19,  sewage  applied  disappeared  daiiiif 
the  night.    November  26.  during  second  night  after  application. 

Total  effluent  to  end  of  month,  42.484  gallons. 
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Filler  Tank  No.  2  —  Continued. 

JV^^^U&0^1^9     A999* 


11 

^1 
1" 

Rrmduk  on  1 
Evaporation.' 

Ammonia. 

1 

i 

s 

4.38 

4.26 
4.13 

4.14 
4.00 

4.10 

4.15 
3.80 

2?ITIH>OI]l   MA 

T3 

c 

it 

■3^ 

ATURl^ 

Datk. 

it 

1 

1 

ij 

S 

5 

i 

9i 

« 

it 

1 

1. 
2. 
5. 
4, 

5. 

^ 

8, 
9, 
10, 
11. 
12, 
13. 
14, 
15. 
16. 
17. 
18, 
19. 
20, 
21, 
22, 
23, 
24. 
25, 
26, 
27 
23, 
29. 
30, 
21. 

150 
160 
150 

150 
150 
150 

150 

150 

150 
150 
150 

150 

75 
27 
85 
54 
83 
59 
78 
69 
23 
64 
46 
81 
55 
50 
47 
13 
93 
52 

114 
36 
11 
47 
46 

104 
45 

105 
66 
24 
81 

.80 

.70 
1.10 

.50 
.80 

.80 

.60 
.80 

22.50 

22.30 
22.50 

20.60 
21.10 

20.70 

20.40 
20.20 

.0002 

.0004 
.0004 

.0002 
.0002 

.0002 

.0008 
.0020 

.0066 

.0058 
.0078 

.0062 
.0056 

.0060 

.0070 
.0062 

.0068 

.0062 
.0082 

.0oi54 
.0058 

.0062 

.0078 
.0082 

.8500 

.8000 
.8000 

.7000 
.8000 

.7500 

1      - 

.8500 
.7200 

.0000 

.0000 
.0000 

.0000 
.0000 

.0000 

.0000 
.0000 

2h. 
2h.82m. 

4h. 
5h.55m. 

6h.30in. 

3h.8ni. 
2h.42m. 

46* 
44' 

46- 

45- 
44' 
46- 

f. 

45- 

46- 

42* 
45' 
4f 

46' 

45- 

45* 
45- 
44' 

46* 
45* 
45* 

44* 
43' 
43* 

42* 
89' 
43' 

44' 
42* 

40- 
39' 

45- 

4V 
43' 
40- 
42* 

41- 

Efflaent  colorless,  generally  clear  and  with  very  little  or  no  seJimcnt. 

December  15,  }i  inch  ice  en  surface.    December  18,  8  50  p.m.,  to  December  21,  7.47  a  if .    Outlet 
closed.    River  high.    December  19,  ^  Inch  frost  in  Unk.    December  21,  2  inches. 
Total  effluent  to  end  of  month,  44,207  gallons. 
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FILTRATION  OF  SEWAGE. 

Filter  Tank  No.  2  — Continued. 


Datk. 


1. 
2. 
3, 
4, 

6, 


9, 
10, 
11, 
12, 
13, 
14, 
15, 
1«. 
IT, 
18, 
19. 
20, 
21, 
22, 
23, 
24, 
25, 
26. 
27, 
28, 
29, 
30, 
31, 


150 


150 


150 


'ISO 


150 


150 


150 


150 


150 


150 


62 
105 
57 
92 
65 
22 
T4 
50 
»d 
55 
00 
50 
24 
64 
48 
83 
59 
100 
61 
23 
60 
87 
85 
48 
94 
57 
22 
79 
55 


k  emi  dcs  on 
Evaporation 


0.7  I    21.4 


0.9 


0.3 


1.2 


0.7 


22.3 


22.4 


20.0 


19.1 


19.5 


.0018 


.0002 


.0006 


.0013 


.0006 


.0002 


.0010 


.0048 


.0072 


/0060 


XlTKOOKM  AS 


1^ 


Tkmpkb- 

ATUK£. 


4.35    ,   .7000     .0000 


.0078 


.0070 


.0084 


.0046 


.0102 


.0064 


.0052 


.0048 


.0060 


.0070 


4.31  '    .7800      .0000 


4.24       .7800 


4.31 


1.0000 


.0000 


4.20  ,1.0000 


4.15  '    .7000 


4.18 


4.00 


3.97 


.6000 


2h.l7m. 


45* 


41* 

40* 
4or 


2h.l7m.  I 


45*  !  40* 
41" 


2h.    7m. 


2h.    3m. 


45*  40* 
41* 

45*  AV 
40- 


2h.S4m 


44*    4r 
-       41* 


44'  ,  40' 

-  |4r 

lh.50m.  I   45*     40* 


I 


I       i 


6h.  Im. 


8h.llm. 


44'  40* 

-  40* 
46*  40* 
-I  4.- 

45'  40* 

-  ;  40' 


44'  I  40* 

-  40* 
46*  SS* 

-  40" 


Efflueot  colorlesH,  generally  clear  and  with  very  little  or  no  sediment. 
January  22, 1  inch  of  frost  In  tank ;  26,  \  inch ;  January  29,  none. 
Total  effluent  to  end  of  month,  46,150  gallons. 
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FOier  Ton*  No.  2— Continued. 


1 

P 
1' 

rk8idcb  ox 
Evaporation. 

AnlfOXIA. 

1       NlTROOBN 

AS 

Temper. 

ATURB. 

Datb. 

ii 

1 

1 

5^ 

1 

1 

1    z 

se 

1 

1 

1. 
2, 

a. 

4. 

a, 

?• 

8. 

10, 
11, 
12. 
13, 
U, 
1&, 
16. 
IT, 
18, 
19, 

ao, 

21, 
JS, 
23, 
M. 
2S, 
«. 
27. 
28, 

150 

IfiO 
150 
150 

150 
160 
150 

150 
160 
150 

160 
150 

98 
47 
16 
72 
49 

100 
43 
68 
62 
15 
87 
68 
62 
76 
65 
77 
11 
92 
70 

101 
50 
88 
63 
19 
25 
48 
37 
82 

1.6 

0.9 
1.2 

1.2 

1.0 

f  " 

0.6 
0.7 

18.0 

19.5 
18.1 

18.4 
18.2 

18.6 
18.4 

.0002 

.0006 
.0006 

.0006 
.0004 

.0026 
.0008 

.0052 

.0060 
.0066 

.0064 
.0046 

.0062 
.0074 

.0054 

.0056 
.0072 

.0070 
.0050 

.0088 
.0082 

4.05 

4.12 
4.08 

4.02 
4.03 

.    i 

_    1 

8.85 

• 

.8000 

.7000 
.7000 

.8000 
.7600 

.7000 
.7000 

.0000 

.0000 
.0000 

.0000 
.0000 

.0000 
.0000 

24  h. 

•24  h. 

2411. 

45- 

45- 
44- 

44'* 

44- 
46" 
45' 

44* 
46" 
46* 

46- 
45* 

SO- 
SO* 

40* 
BO- 
SS* 
S8* 
38* 
SO- 
SO- 
38- 
38- 
39- 
40- 
39- 

39- 
39- 
39- 
39- 
40- 

sr 

39- 
38- 
30- 
39- 

Efflaent  clear  and  colorless  and  with  very  little  or  no  sedtnient. 

February  2,  5,  7,  9, 11, 13, 14, 15, 18,  20,  21,  25,  27  and  28.  thin  ice  on  the  whole  or  a  part  of  the  surface. 
—  Fnwt  In  tank :  February  2,  2  inches;  5,  ^  inch;  7,  Z\  inches;  9, 1  Inch;  20,  8^  inches;  25,  4  inches.— 
Febmary  20,  Sewage  applied  dlsappearpd  during  the  night. 

Total  efflnent  to  end  of  month,  47,750  gallons. 
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FILTRATION  OF  SEWAGE. 


Filter  Tank  No.  2  —  Continued. 


1 

1= 

1= 

RsaiDUK  ow 

BVAPOBATIOX. 

Ammoxia. 

1 

NlTROOBH 
AS 

1^ 

1 

ATCM. 

DATS. 

4 
I' 

1 

1 

< 

i 

1 

SQ 

1 

i 

1, 

2, 
8, 
4,         . 

6.         . 

«, 

7, 

8, 

0. 
10. 
11, 
12. 

13,  . 

14,  . 

16.  . 
18. 

17.  . 

18.  ." 
10, 

20,  . 

21.  . 
22, 

28, 

24, 

25. 

26, 

27, 

28,         . 

20. 

30, 

31.         . 

150 

150 
800 
300 

300 
300 
800 

300 
300 
300 

300 
450 
450 

134 
85 
23 

113 
60 

166 

107 

213 
01 
28 

189 
78 

214 
93 

205 
87 
40 

240 
93 

223 
01 

197 
86 
32 

160 
76 

324 

102 

328 

100 
31 

1.1 

2.1 
0.5 

0.5 
0.8 

0.5 
1.5 

0.9 
1.8 

18.5 

18.8 
17.8 

17.9 
18.0 

18.9 
19.0 

20.1 
20.6 

.0008 

.0004 
.0002 

.0012 
.0006 

.0006 
.0010 

.0006 

• 

.0030 

.0084 

.0070 
.0066 

.0079 
.0074 

.0076 
.0082 

.0068 
.0002 

.0092 

.0074 
.0068 

.0091 
.0080 

.0082 
.0092 

.0074 
.0122 

3.93 

3.90 
8.76 

3.61 
8.58 

3.37 
3.46 

3.50 
3.50 

.6600 

.6500 
.6000 

.5000 
.6000 

.5500 
.7000 

.8000 
1.0000 

.0000 

.0000 
.0000 

.0000 

.0001 
7 

.0000 
.0003 

.0000 
.0006 

Sh.l6m. 
18h.59m. 

5h.29in. 
3h.50m. 

4h.24ro 
5h.15m. 
3h.l8m. 

£h.25in. 
3h.23m. 
4h.47in 

44* 

85- 
35" 
84* 

33* 

35* 
35* 

86* 

- 
38' 

37* 

41" 
41" 
39* 

1 

w 
ssr 

38* 
37' 

sr 

sr 
ss* 

37 
38- 

sr 

3S* 

zr 

S7* 
38* 

zr 
4<r 

3r 

40* 
39* 
40* 

3sr 

40- 

Efflnent  clear  and  colorless  and  generally  free  from  sedimpnt. 

March  I.  —  Sarfaco  covered  with  ice.  March  4.  —  A  little  ice  on  surface  and  frost  in  one-half  of  tank 
at  a  depth  of  from  1  inch  to  3  inches  below  surface.  March  8.--Sewago  appUeil  disappeared  at  night- 
March  13.  —  Canvas  cover  removed. 

ToUl  effluent  to  end  of  month,  51.758  gallons. 
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Filter  Tank  No.  2—  Continued. 

AprU,  18S*. 


13 

V 
V 

REfllDUK  OM  ' 
EVAPORATIOK. 

AlfMOKU. 

1 

i 

NITUOOBM  AS 

|1 

TSMPER- 
ATCKK. 

lUTK. 

i 

i 
g 

j 

< 

1 

1 

S 

1 

1 

1,           . 

2. 

3.            . 

4, 
5. 

6.         . 

8. 

10, 
11. 

12.  . 

13.  . 
H.         . 
15,         . 
16, 

13.         . 

20, 
21. 

22,  . 

23,  . 

25.        . 
2«.        . 
27, 
28, 
2B, 

450 
450 
450 

450 
450 
450 

450 
450 
460 

450 
450 
450 

450 

408 
151 
863 
110 
314 
125 

88 
293 
102 
817 
102 
327 
112 

11 
272 
100 
838 
186 
285 
148 

41 
273 
104 
290 
126 
377 
260 

27 
218 
161 

0.7 
1.6 

0.8 
0.7 

2.6 
2.0 

1.0 

22.5 
28.8 

27.9 
2t.7 

27.2 
32.4 

33.0 

.0060 
.0186 

.0212 
.0226 

.0162 
.0270 

.0288 

.0078 
.0104 

.0086 
.0100 

.0084 
.0114 

.0100 

.0138 
.0200 

.0298 
.0326 

.0246 
.0384 

.0388 

3.53 
6.47 

6.00 
5.14 

6.12 
8.42 

8.00 
4.77 

1      - 
1 

1.2000 
1.4000 

1.4000 
1.2000 

1.2000 
1.9000 

2.6000 
2.8000 

.0010 
.0010 

.0030 
.0030 

.0060 
.0150 

.0250 

- 

6h.40iD. 
Oh.llm. 
7h.54m. 

18h.51m. 

39' 
38* 
30* 

41- 
44* 

46' 

45- 
47* 

49* 

52* 
50- 
63* 

51- 

40* 
40* 
40» 
40* 
41- 
41* 

41- 
42* 
41* 
43* 
43' 
44* 

45* 
46- 
45' 
45- 
48' 
47' 

47* 
48* 

49' 
50- 
51' 
SO- 

62* 
52- 

SfBaent  clear  and  colorless  and  generally  free  from  sediment. 

April  3,  5, 15,  24  and  29.  —  Sewage  applied  disappeared  during  the  night.    April  17.  —  A  thin  coating 
of  aediment  on  surface  is  cracking  and  curling  up. 
Total  effluent  to  end  of  month,  57,093  gallons. 
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Filter  Tank  No.  2  —  Continued. 


'1 

Rbsidub  oh 

EVAPOKATIOir. 

AUIONIA. 

1 

KlTROOBW  KB 

ll 

Tkmtbb- 

▲T17BB. 

Date. 

ii 

1 

1 

< 

1 

1 

^ 

1 

g 

s 

1, 

2. 

8,         . 

4,         . 

6, 

e. 

T.         . 

8,         . 

10.        . 

11. 

12. 

13, 

14.         . 

16,         . 

1«. 

17. 

Id.         . 

w. 

20. 

21, 

22, 

23, 

24. 

26, 

26. 

2Y.         . 

28,         . 

29. 

80.         . 

31.         . 

450 
460 

450 
450 
450 

450 
SOO 
300 

800 

300 
800 
800 

230 

176 

203 

216 

48 

184 

173 

144 

*  202 

114 

247 

03 

112 

189 

167 

139 

129 

139 

76 

78 

152 

167 

122 

63 

SO 

20 

101 

171 

139 

124 

102 

1.2 
1.4 

1.4 
0.8 

1.6 
.0.8 

1.2 

1 
0.4 

31.0 
81.8 

29.9 
26.9 

29.7 
80.2 

81.7 
83.1 

.0012 
.0060 

.0008 
.0002 

.0012 
.0010 

.0016 
.0026 

.0016 

.0094 
.0118 

.0088 
.0102 

.0092 
.0088 

.0094 
.0102 

.0104 

.0106 
.0184 

.0096 
.0104 

.0104 
.0098 

.0110 
.0128 

.0120 

4.62 
4.34 

4.72 
4.02 

4.66 
6.02 

6.22 
6.30 

6.34 

2.6000 
2.8000 

2.4000 
2.4000 

2.0000 
2.4000 

1.9000 
2.0000 

1.8000 

.0050 
.0024 

.0000 

.0001 

_ 
.0002 

.0001 

.0000 
.0004 

.0001 

29h.7m. 

47  h  67m. 
61h.S6m. 

08h.24m. 

51* 
62* 

64* 

82* 

63- 
64*' 

«5-, 

.    1 

65*  ' 
W 

64' 

62' 
66' 

ssr 

64- 

sr 

56' 

5r 

6r 
6r 

65* 

60- 

61* 
W 

ao* 
«r 

61' 
6S 

iff 

61' 
61' 

ftT 

Effluent  colorless  and  generally  clear  and  free  from  sediment. 

May  1.  — Outlet  pipe  sponged  out.  May  2.  —  Boiling  water  run  through  outlet  pipe  for  20  mlDatrt. 
May  10  and  17.  ~  Outlet  pipe  sponged  out  and  hot  water  run  through.  May  1  and  29.  —  Sewage  applied 
did  not  disappear  till  night.  May  16  and  22.  —  Much  water  on  surface.  May  22.  —A  few  spots  of  gnu 
on  surface. 

*ToUl  effluent  to  end  of  month,  61,937  gallons.  ^-^  , 

/Coogle 
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Filler  Tank  No.  2— Continued. 


June. 

im». 

«  . 

P 

Mi 

1    RK8IDUK  OM 

Evaporation. 

AMXOJflA. 

1 

KlTBOOKW  18 

Tbmper- 

ATURB. 

DATS. 

§1 

1 

1 

1 

< 

i 

00 

S 

S 

1 

1 

1, 

2. 

a. 

4.  . 

5.  . 

T,         . 

8.         . 

».     . 

10.         . 

n.      . 

12.         . 
18,         . 

u.       . 

1*. 

!«.        . 

17, 

18,        . 

M. 

»,        . 

21.  . 

22.  . 

23.  . 

24.  . 
26,        . 
26.        . 
2T,        . 
2^.        . 

29,  . 

30,  . 

1 

300 

800 
900 

aoo 

300 

900 
900 
300 

300 
300 
800 

154 
110 
128 
142 
122 

88 
118 
124 

46 
116 
150 
128 
184 
122 
148 

84 
106 

85 
168 

81 
150 

86 

29 
180 

70 
162 

go 

180 

78 
59 

1.8 

3.3 
1.8 

1.3 
1.4 

1.4 
2.2 

20.9 

25.8 
26.8 

27.2 
80.3 

25.8 
25.0 

.0016 

.0014 
.0016 

.0006 

.0022 
.0014 

.0040 
.0028 

.0120 

.0104 
.0128 

.0102 

.0068 
.0092 

.0100 
.0100 

.0136 

.0118 
.0144 

.0108 

.0110 

- 

.0106 

.0140 
.0128 

5.25 

6.05 
4.68 

3.85 

4.38 
4.60 

4.60 
4.67 

1.8000 

1.6000 
1.20 JO 

1.8000 

2.4000 
1.7000 

1.8000 
1.8000 

.0006 

.0001 
.0001 

.0000 

.0003 
.0000 

.0002 
.0000 

22h.21m. 
5h.9m. 

64^ 

65* 

6r 

68* 

7r 

69* 
71- 

70* 
69* 
71- 

80* 
61* 

ear 

61* 
62' 

ear 
6r 

66» 
62* 
63* 
63- 
66" 
65- 

66* 
64* 
65* 
66* 
68* 
67« 

66* 
67* 

6r 

67* 
69- 

Efflaeni  clear  and  ooIorleM  aud  generally  free  from  sediment. 

Jone  5.— Surface  covered  with  water.  June  7  and  21.  — Sewage  applied  did  not  disappear  till 
night.  June  29.  — Outlet  closed  from  10.10  to  11.40  a.m.,  and  again  at  1.47  P.M.  Considerable  leakage 
while  closed. 

Total  effluent  to  end  of  month,  65,322  gallons. 
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FILTRATION  OF  SEWAGE. 


FiU&r  Tank  No.  2  —  Continued. 

Jalr.  IM*. 


1 

Kbsidur  on 

iiVAPORATION. 

AXXOMIA. 

i 

NiTBOOBN  AS 

Tkvprk- 

ATCRK. 

Datk. 

il 

1 

1 

i 

1 

s 

1 

1 

^      1 

1 

300 

128 

. 

_ 

» 

« 

. 

_ 

- 

. 

73" 

es* 

2..        . 

- 

91 

- 

- 

- 

- 

- 

- 

•- 

- 

- 

es* 

8..        . 

300 

227 

3.2 

24.7 

.0042 

.0102 

.0144 

4.92 

l.MOO 

.0001 

78- 

68" 

4..        . 

- 

86 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

5,.        . 

300 

167 

- 

- 

- 

- 

- 

- 

- 

73* 

69* 

«..        . 

- 

76 

3.2 

23.4 

.0910 

.0100 

.0110 

6.72 

1.2000 

.0000 

- 

CS* 

7,.        . 

- 

28 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

8..        . 

300 

127 

- 

- 

- 

- 

- 

- 

- 

- 

74- 

TO* 

»,. 

- 

64 

- 

- 

- 

- 

- 

- 

- 

.- 

ey 

10,.        . 

300 

183 

2.4 

2A.6 

.0084 

.0100 

.0184 

5.91 

1.1000 

.0000 

72- 

es* 

11..        , 

- 

81 

- 

- 

- 

- 

- 

- 

- 

- 

- 

68* 

12,. 

800 

179 

- 

- 

- 

- 

- 

- 

- 

- 

72- 

fsr 

13..        . 

- 

93 

2.2 

26.2 

.0010 

.0098 

.0108 

6.47 

1.2000 

.0000 

- 

70* 

14,. 

- 

24 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

15,. 

300 

210 

- 

- 

- 

- 

- 

- 

- 

73" 

63" 

16.. 

- 

101 

- 

- 

- 

- 

- 

- 

- 

- 

66* 

IT,. 

800 

206 

2.7 

24.6 

.0030 

.0092 

.0122 

6.60 

1.0000 

.0002 

72- 

66* 

18.. 

- 

91 

- 

- 

- 

- 

- 

- 

- 

- 

- 

6r 

19,. 

300 

161 

1.8 

26.4 

.0020 

.0098 

.0118 

6.14 

1.1000 

.0000 

TS* 

68* 

20.. 

- 

878 

- 

- 

- 

- 

- 

- 

- 

- 

- 

66* 

21,. 

- 

61 

- 

- 

- 

- 

- 

- 

- 

- 

-       - 

22.. 

300 

130 

- 

- 

- 

- 

- 

- 

- 

- 

72-    er 

23.. 

- 

118 

- 

- 

- 

- 

- 

- 

- 

-  ,  ^ 

24.. 

300 

199 

1.1 

23.0 

.0012 

.0090 

.0102 

6.42 

.7000 

.0001 

72-  i  68' 

1 

26.. 

- 

83 

- 

- 

- 

- 

- 

- 

- 

- 

-      68- 

26.. 

800 

188 

- 

- 

- 

- 

- 

- 

- 

- 

70*     70" 

27,. 

- 

183 

2.0 

23.6 

.0018 

.0102 

.0120 

6.14 

.7000 

.0000 

-       TO- 

28.. 

- 

81 

- 

- 

- 

- 

T 

- 

- 

- 

1  . 

29.. 

800 

136 

- 

- 

- 

- 

- 

- 

- 

»•■  75* 

80,. 

- 

141 

- 

- 

- 

- 

- 

- 

- 

- 

-    '«^ 

81,. 

300 

222 

2.6 

21.6 

.0004 

.0064 

.0068 

5.42 

.6000 

.0000 

"'!*• 

Effluent  colorless,  generally  clear  and  with  very  slight  or  no  nediment. 

July  1.  — Outlet  opened  at  10.40  a.m.    July  5,  8.45  p.k.,  to  July  6,  11.63  a.m.  — Outlet  closed.   5n)jh 
8  and  15.  —  Sewage  applied  did  not  disappear  till  night. 
Total  «ffluent  to  end  of  month,  69,505  gallons. 
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Filler  Tattk  No.  2  — Continued. 

A«cn«t.  ISW. 


V 

Rksiduk  ov 

EVArOBATION. 

AXXOMIA. 

6 

KITBOGBW  A8 

Tkxpkr- 

ATURK 

I>ATM. 

ii 

i 

1 

i 

1 

! 

S 

1 

1.  - 

2.  . 
3.. 
4,  . 

&.  - 
6.. 
7,. 
«.. 
9.. 

11,. 

12,  . 

13,  . 

14,  - 
15,. 

16.  . 

17,  - 
18.. 
»•- 
20,. 
21.. 
22.. 
23,. 
24,. 
25,. 
2«,. 
27.. 
28.. 
»•- 
80.  . 

300 

300 
800 
SOO 

300 

aoo 

300 

800 
800 
800 

800 
800 
800 

216 
186 
154 

30 
152 
102 
149 

03 
139 
101 

25 
108 

80 
321 
142 
168 

01. 

22 
130 

86 
150 

85 
156 

84 

89 
ISO 

87 
177 

77 
155 

83 

1.3 

.8 

.4 

20.2 
18.2 

21.4 

.0016 
.0002 
.0002 
.0016 
.0004 

.0084 
.0068 
.0072 
.0086 
,0062 

.0100 

- 

.0070 
.0074 
.0102 
.0066 

4.60 
4.30 
4.34 
4.42 
4.74 

.2700 
.6000 
.6500 
.6000 
.5000 

.0002 
.0000 
.0000 
.0000 
.0000 

72* 

72* 
71- 
71- 

70' 
68' 
68- 

eo*" 

80- 

70* 

70- 
71- 

68- 
60* 

68* 
70- 
69' 
69* 
70* 
60- 

68* 
68- 
68» 
66* 
68' 
69- 

68- 
66- 
66* 
68» 
68- 
68- 

67- 
66- 
66- 
66- 
68* 
67- 

Effluent  clear  and  colorless,  and  generally  free  from  sodlraent. 
August  19  and  21.  — Sewage  applied  disappeared  daring  the  night. 
Toul  efBaept  to  end  of  month,  73,240  gallons. 
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FILTRATION  OF  SEWAGE. 


Filler  Tank  No.  2  —  Ctontinaed. 

SeiKMBber.  188a. 


i 

a, 

iii 

5"' 

BKfllDUB  ON 
EVAPOaATION. 

AmcoxiA. 

1 

6 

NmtooBX  AS 

Tsxpca- 

ATCKB. 

DytT*, 

e 

1 

1 

=  1 
< 

a 

s 

1 

Si 

9               U 

1  J 

1, 
2. 
8. 
4f 
6. 

7, 

8* 

9. 
10. 
11, 
12, 
13, 

u, 

16,         . 

16. 

17, 

18, 

19, 

20, 

21, 

22, 

23, 

24. 

25, 

28, 

27. 

28, 

29. 

30, 

300 
300 
300 

800 
800 
300 

600 
500 
600 

500 
500 
600 

500 

24 
139 

79 
187 

79 
183 

76 

0 

179 

79 
195 

77 
200 
138 

50 
349 
113 
416 
225 
392 
128 

38 
315 

97 
832 
131 
352 
130 

30 
291 

1.8 

26.4 

.0002 
.0002 

.0008 

.0004 
.0048 

.0074 
.0058 

.0072 

.0082 
.0104 

.0076 
.0060 

.0080 

.0086 
.0152 

5.60 
6.00 

7.80 

11.59 

7.87 

.4500 
.5200 

.6500 

1.3000 
1.4000 

! 

.0000 
.0000 

.0000 

.0000 
.0001 

Sh.8ni. 
4h.l0m. 

71* 
70- 
7V 

71* 
70- 
6S- 

69- 
W 
67' 

6V 
60' 
60* 

se- 

68" 
68- 
68" 
68* 
68* 

6r 

66" 
66* 
65» 

de* 

66* 

OS- 
65* 
65* 
65* 

ee- 

65- 

w 

65' 
62* 
6V 

Effluent  clear  and  colorless  and  generally  free  from  sediment. 

September  8,  7.:i7  a.m.,  to  9,  11.36  a.m.  — Outlet  cloMed.  September  10. —  Between  12.10  and  12.35 
P.M.  underdralns  washed  out  with  30  gallons  of  effluent  from  Tank  No.  8.  September  18.  — Sewsgc 
applied  disappeared  during  the  second  night  after;  September  23,  on  the  first  night. 

Total  effluent  to  end  of  month.  78,263  gallons. 
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Filter  Temk  No.  2  —  Continued. 
Oe««her,  ISW. 


1 

RS8|i>DK  OS 
EVAPOBATION. 

«» 

NITIOOBK  AS 

&1 

p 

Tkmpbh- 

ATLRJC. 

Date. 

li 

1 

1 

•< 

1 

1 

i 

Pa 

1 

*i 

1, 

2.         . 

8,         . 

4.         . 

*. 

8. 

7. 

8.         . 

10, 

11.         . 

12, 

13,  . 

14,  . 

15,  . 
18.        . 
17, 

18,        . 
».        . 

20.  . 

21.  . 

22,  . 
28,        . 
24, 

23,  . 
28,        . 
2T, 

28,        . 
29, 

»,        . 
81,        . 

600 
600 

600 
500 

500 

500 
500 
500 

500 
500 

500 

156 
338 
141 
831 
130 
30 

141 
345 
126 
320 
152 
119 
200 
184 
223 
210 
.188 
2fB 
71 
142 
230 
180 
102 
176 
182 
143 
138 
110 
04 
03 

I    " 

- 

.0018 
.0002 
.0004 
.0066 
.0128 

.0008 
.0088 
.0082 

.0088 

• 

.0004 

.0110 
.0000 
.0086 
.0164 
.0222 

4.77 
5.12 

6.53 

1 
5.87 

5.12 

1.200O 
1.4400 
1.3000 
1.3400 

1.6000 

1 

.0000 
.0000 
.0001 
.0004 
.0018 

2ih.55m. 

24  h. 
24  h. 
24  h. 
24  h. 
24  h. 

60- 
60- 

Mr 

"• 

!   51- 

50* 
40- 
60* 

bV 
49' 
48- 

48* 

62* 
61' 
61- 
61* 
59' 

60* 
SO- 
SO" 
68" 
58* 
58* 

65- 

56- 
58- 
56- 
66* 
63« 

64' 
64* 

51- 
52* 
63- 
63- 

53* 
52* 
52" 
62- 

Efflnent  coIorlcM,  free  from  Mdlment  and  geDerally  clear. 

October  7  and  11.  — Sewage  applied  dUappeared  dnrlog  the  night.  October  11.  — A  trap  put  on 
omletptpe.  September  23  and  25.  — Some  sewage  on  surface  when  rogalar  application  was  made. 
Beptember  26.— Grass  cnt  from  one  half  of  surface. 

Total  effluent  to  end  of  month*  84,127  gallons. 
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FILTRATION  OP  SEWAGE. 


Series  of  Cltemical  Analyses,  with  the  Number  of  Bacteria^  Effluent  from 

Tank  No.  2, 


1889. 

March  26, 

26, 

27, 
27.      • 


9.46 
4.84 
9.45 
8.41 


Rbsidde  on 
evapokation. 


.8 

1.0 

.9 

1.2 


I 


19.8 
18.8 
20.1 
17.2 


.0004 
.0000 
.0006 
.0004 


f 


.0050 
.0060 
.0068 
.0060 


.0054 
.0050 
.0074 
.0064 


3.43 
8.55 
3.50 
3.45 


NiTBOGBK 


.7000 
.7500 
.8000 
.9000 


.0002 
.0003 


S3       *» 


March  26, 


—No  sewage  applied.    March  27.— 450  gallons  applied  from  11.54  to  13.21. 


Sept.  4, 
4, 
4, 

4. 

4, 
4. 
4. 
4. 
6. 
6> 
6t 
6. 

e, 
6l 


8.0 
10.0 
12.0 
2.0 
4.0 
5.0 
7.0 
0.0 
5.0 
8.0 
12.0 
5.0 
8.0 
12.0 
5.0 


- 

- 

.0006 

.0060 

.0066 

4.81 

.5000 

.0000 

- 

- 

.0004 

.0062 

.0066 

4.84 

.4700 

.0000 

14 

- 

- 

.0002 

.0054 

.0056 

4.86 

.5000 

.0000 

- 

- 

- 

.0002 

.0056 

.0058 

4.91 

.5000 

.0001 

- 

- 

.0000 

.0064 

.0064 

4.98 

.5000 

.0000 

- 

- 

.0000 

.0060 

.0060 

4.99 

.5200 

.0000 

- 

- 

.0002 

.0070 

.0072 

5.02 

.5000 

.0000 

- 

- 

.0002 

.0060 

.0062 

5.03 

.5000 

.0000 

- 

- 

.0004 

.0062 

.0066 

5.13 

.5000 

.0001 

14 

- 

- 

.0002 

.0056 

.0058 

5.13 

.5200 

.0000 

- 

_ 

.0004 

.0062 

.0066 

5.14 

.5000 

.0000 

- 

- 

.0006 

.0058 

.0064 

5.23 

.5500 

.0001 

100 

- 

- 

.0008 

.0070 

.0078 

5.31 

.5500 

.0001 

274 

- 

- 

.0006 

.0084 

.0090 

5.43 

.5500 

.0000 

- 

- 

.0004 

.0068 

.0072 

5.64 

.6000 

.0001 

25 

06 
14C 
19*^ 
700 

990^ 
840 
700 
325] 
290 
S28 
174 
92 
188  i 


September  4.— 3C 
September  6.  — 800  j 

10  gallons  sewage  applied  from  8.02  to  8.18  A.M.  September  5.  — None  appllel 
gallons  applied  from  8.05  to  8.23  A.if .                                1 

Sept.   9,   .    . 

10.45 

- 

- 

.0270 

.0086 

.0356 

5.18 

.6500 

..008 

12 

i 

».   .    . 

10.59 

- 

9  - 

.0008 

.0072 

.0080 

5.23 

.4000 

.0000 

21 

1,500' 

9,    .    . 

11.18 

- 

- 

.0004 

.0070 

.0074 

1 

6.61 

.8700 

.0000 

15 

1,500 

».    .    . 

11.36 

- 

- 

.0012 

.0074 

.0086  1 

6.62 

.4200 

.0000 

0 

400 

«.    .    . 

2.20 

- 

- 

.0016 

.0068 

.0084 

5.77 

.4500 

.0000 

51 

130 

9.    .    . 

7.7 

- 

- 

.0058 

.0078 

.0136 

6.00 

.4500 

.0000 

16 

1,040 

9, 

9.0 

- 

- 

.0012 

.0080 

.0092 

6.00 

.4500 

.0000 

22 

810 

Samples  to  11.36  from  water  backed  up  In  nnderdrains;  thereafter  from  regular  efflacnt.  First 
sample  from  water  standing  In  pipe ;  contained  Iron  rust.  Microscopical  examination  of  first  sample 
showed  nothing;  of  second,  1  anguillala,  7  spores.    300  gallons  of  sewage  applied  from  11.S7  to  11.6S 
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Table  of  the  Number  of  Bacteria  counted  in  a  Cubic  Centimeter  of  Effluent  from 

Tank  No.  2. 


Xnmber 

of 
Bacteria. 

Number 

of 
BacterU. 

Kamber 

of 
Bacteria. 

Number 

of 
Bacteria. 

1888. 

1888 —  Con. 

1888 -Con. 

1880 -Con. 

Jan.       Z,     . 

6,818 

March  22.      . 

1,980 

Sept.    15,      . 

997 

March  12,     . 

82 

5,     . 

10.723 

24,     . 

1,507 

20.      . 

11 

28.      . 

12  • 

7,     . 

451 

^.      . 

8,422 

25.      . 

76 

April     2.      . 

10,      . 

29,391 

29,      . 

1,850 

29.      . 

9 

0.     . 

10 

12.      . 

7,088 

April     3,     . 

1.488 

Oct.        2,     . 

78 

18.     . 

14,      . 

23.047 

19,     . 

1,095 

8.      . 

20 

24.     . 

17,     . 

11.491 

25,      . 

1,178 

11.     . 

28 

80,     . 

w.    . 

0,840 

28,      . 

807 

18.     . 

10 

May       7,     . 

87 

21.      . 

4,906 

Ifay       8.     . 

&9 

20.     . 

10 

14,     . 

35 

M.     . 

20,SSO 

10.     . 

107 

25,      . 

33 

21,      . 

98 

28.     . 

8,010 

12,     . 

51 

80,     . 

97 

28,      . 

8 

28.     . 

8,160 

19,      . 

228 

Nov.      3,     . 

22 

Jane     4,     . 

8 

31,     . 

47 

22,      . 

14 

8.     . 

9 

11,     . 

117 

Feb.      2,     . 

10 

28.     . 

28 

13.     . 

5 

18.     . 

27 

4.      . 

851 

29,      . 

28 

19.     . 

16 

26,     . 

1 

7,      . 

108 

31,     . 

10 

23,     . 

8 

July      2,     . 

47 

9.      . 

334 

Jane,     5,     . 

14 

28,      . 

4 

9.     . 

8 

11,      . 

51 

9,     . 

27 

Dec.       5,     . 

4 

18,     . 

0 

14.      . 

377 

w.    . 

574 

10,     . 

2 

23.      . 

208 

1«.      . 

281 

21,     . 

53 

14,     . 

6 

30,      . 

25 

18,      . 

842 

26,     . 

89 

21.     . 

5 

Aug.      8.     . 

3 

21.      . 

238 

July.     8.     . 

35 

26,     . 

7 

12,     . 

8 

23.      . 

3,930 

7.     . 

183 

1889. 

19,     . 

6 

26.      . 

479 

18,     . 

404 

Jan.     2, 

4 

24,      . 

14 

28,     . 

1,875 

17.     . 

40 

8.     . 

9 

Sept.      2,      . 

2 

March   1,     . 

7,710 

21.     . 

678 

16.     . 

20 

10.      . 

10 

8.     . 

1,000 

26,     . 

98 

22.     . 

19 

14.      . 

15 

6.     . 

1,770 

Aug.      2,     . 

28 

29,     . 

8 

24.      . 

4 

8..    . 

1,248 

T.     . 

301 

Feb.      8,     . 

45 

Oct.       2,     . 

2 

10,     . 

787 

11,     . 

196 

19.     . 

3 

10,     . 

21 

17,     . 

1,588 

18,     . 

107 

27,      . 

21 

18,     . 

4 

20.     . 

2,730 

Sept.   11,      . 

745 

March    5,     . 

8 

25,     . 

2 
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The  sands  composing  the  filters  which  have  given  the  foregoing 
resalts  may  be  classed  together  as  clean,  sharp  sands.  Each  of  them 
contained  less  than  one  per  cent,  of  organic  matter.  They  were 
principally  grains  of  quartz  or  of  silicates  insoluble  in  two  hours' 
exposure  in  strong  acid,  —  No.  1  containing  98.28  per  cent  ,  and 
No.  2,  97.74  per  cent.,  of  this  character.  The  soluble  portion 
•yielded  less  than  one  per  cent,  of  alumina  and  of  oxide  of  iron  and 
manganese.  Their  difference  was  principally  in  the  size  of  the 
grains ;  those  of  No.  1  averaging  about  0.06  inch  in  diameter  and 
those  of  No.  2  averaging  about  0.006  inch  in  diameter. 

With  the  coarser  of  these  sands  we  have  found  tliat,  upon  an  acre, 
60,000  gallons  of  sewage  may  be  filtered  daily  for  an  indefinite 
period,  and  more  for  short  periods ;  giving  an  effluent  colorless  and 
generally  clear,  containing  only  from  one  to  three  per  cent,  as  much 
organic  matter  as  the  sewage,  and  containing  generally  but  one- 
thousandth  of  the  number  of  bacteria  in  the  sewage,  but  liable  to 
have  a  less  purification  and  a  larger  number  of  bacteria  (some  of 
which  come  directly  down  from  the  surface)  in  an  hour  after  apply- 
ing sewage. 

With  the  finer  sand  we  have  found  that,  upon  an  acre,  25,000 
gallons  of  sewage  may  be  filtered  daily  for  an  indefinite  period ; 
giving  a  bright,  clear  and  colorless  effluent,  containing  but  one  half 
of  one  per  cent,  as  much  organic  matter  as  the  sewage,  and  contain- 
ing generally  less  than  one  ten-thousandth  as  many  bacteria  as  the 
sewage,  with  the  probability  that  few  if  any  of  these  come  down 
from  the  surface. 

The  effluent  from  this  filter  was  used  for  some  months  as  the 
exclusive  drink  of  a  dog,  and  many  people  have  drank  of  it  without 
unpleasant  effects.  A  bottle  of  it  has  been  kept  fifteen  months  in 
a  wami,  light  place,  continuing  bright  and  clear,  with  no  sediment, 
no  microscopic  growth,  and  no  bacteria  to  be  found  in  it  at  the  end 
of  the  time. 

We  have  now  to  learn  what,  results  may  be  obtained  from  a  still 
finer  sand. 
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FILTER   TANK   No.   4. 


Physical  Characteristics. 

There  is  in  some  of  the  valleys  of  the  State  a  still  finer  sand 
known  as  river  silt,  which  may  be  the  most  convenient  material  to 
use  for  a  filtration  area.  This  varies  in  fineness  and  in  its  constitu- 
ents in  diflferent  localities.  In  the  Merrimack  valley  at  Lawrence, 
the  silt  that  has  been  left  by  high  freshets  on  the  banks  of  the  river 
is  much  finer  than  the  sand  of  Tank  No.  2,  averaging  about  0.004 
inch  in  diameter.  This  material  obtained  from  the  field  at  the  sta- 
tion, was  filled  into  Tank  No.  4  to  the  depth  of  five  feet  above  the 
u.sual  layers  of  gravel  and  coarse  sand  which  surround  the  under- 
drains  and  cover  the  bottom  of  «the  tank. 

This  is  a  very  fine  sand.  There  are  but  few  particles  that  would 
not  be  called  as  fine  as  dust.     The  color  is  light  brown. 

A  physical  analysis  gives  the  following  results  :  — 


Approximate  Di- 
ameter of 
Grains,  In  Inches. 

rercpiitsffe 
of  Whole 
Quantity. 

Between  sieve  No.   40  and  No.   66, 

0.012  to  0.020 

2 

Bctveeo  sieve  No.    65  and  No.   70 

0.010  to  0.012 

1 

Between  sieve  No..  70  and  No.  I90, 

Between  sieve  No.  100  and  No.  140 

0.008  to  0.010 
0.006  to  0.008 

3 
13 

0.003  to  0.005 
0.001  to  0.003 
0.000  to  0.001 

48 

30 

3 

Besides  the  fine  grains  of  quartz  there  are  many  small  flat  scales 
of  mica.  The  particles  that  are  insoluble  in  strong  acid  upon  expos- 
are  for  two  hours  amount  to  94.13  per  cent.  The  soluble  portion 
contained  the  equivalent  of  1.33  per  cent.,  of  the  whole,  of  alumina 
and  2.22  per  cent,  of  oxide  of  iron  and  manganese  and  about  0.18  of 
one  per  cent,  of  lime.  The  loss  on  heating  the  sand  to  redness 
amounted  to  1.16  per  cent.     The  part  of  this  which  is  organic  matter 
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probably  serves  to  fill  up  the  interstices  between  the  grains  more 
than  the  small  percentage  by  weight  would  indicate. 

Besides  being  finer  this  sand  difiers  from  the  preceding  in  contain- 
ing abundant  flakes  of  mica,  a  larger  amount  of  organic  matter  and 
more  alumina  and  oxide  of  iron  and  of  manganese  in  form  to  be 
readily  disolved  by  acid  Some,  and  perhaps  all,  of  these  differing 
conditions  would  cause  water  and  air  as  well  as  substances  in  sus- 
pension to  pass  through  this  sand  with  greater  difficulty  than  the 
degree  of  fineness  of  the  grains  would  indicate.  We  have  now  to 
learn  the  .effect  of  these  qualities  upon  the  process  of  purification 
by  nitrification  within  the  sand. 

Before  sewage  was  applied  trenches  were  cut  in  the  top  of  this 
tank  and  filled  with  coarse  sand,  as  described  in  the  nineteenth 
annual  report  of  the  Board. 

Quantity  of  Liquid  ordinarily  held  by  the  Sand. 
Sewage  was  first  applied  Dec.  19,  1887.  The  first  indication  that 
any  of  the  sewage  had  reached  the  bottom  was  an  increase  of  chlo- 
rine in  the  effluent,  from  0.29  parts  per  100,000  on  December  27  to 
0.63  parts  on  December  29,  when  2,228  gallons  of  effluent  had 
passed  out  after  sewage  was  first  applied.  The  further  increase  in  the 
chlorine  to  2.01  parts  on  January  1,  when  2,820  gallons  had  passed 
through,  indicates  that  nearly  two-thirds  of  the  effluent  was  then 
from  sewage.  From  experiments  made  with  samples  of  this  material, 
the  specific  gravity  of  the  solid  substance  was  found  to  be  2.58,  and 
its  void  space  to  be  42  per  cent,  of  its  volume.  By  boring  into  this 
tank  when  in  use  and  taking  out  samples  at  different  depths,  it  was 
found  to  be  saturated  in  the  lower  foot,  and  about  five-sixths  Siita- 
rated  in  the  next  two  feet ;  the  fourth  foot  from  the  bottom  was  about 
three-quarters  saturated,  and  the  upper  foot,  varied  at  different 
times  and  heights  from  one-third  to  full  saturation.  From  data  thus 
obtained  it  has  been  determined  that  the  tank  generally  contained 
between  2,400  and  2,500  gallons  of  liquid,  and  that,  after  covering 
the  surface  with  sewage,  2,400  gallons  of  liquid  would  flow  out 
before  this  sewage  reached  the  bottom.  On  this  account  the  eflluent 
has  been  compared  with  the  sewage  that  was  applied  just  previous  to 
the  last  2,400  gallons  which  has  come  through. 

The  time  taken  by  particles  of  liquid  to  pass  through  the  filter, 
has  varied  with  the  number  of  gallons  applied  daily,  from  ten  days 
to  forty-seven  days. 

While  the  above  method  of  comparison  may  be  taken  as  correct,  it 
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is  evident,  from  the  decided  change  in  the  chlorine,  —  from  0.29  parts 
when  1,466  gallons  had  passed  out,  after  the  application  of  sewage, 
to  0.63  parts,  when  2,228  gallons  had  passed,  —  that  some  of  the 
forward  particles  of  the  sewage  passed  by  some  of  the  water  and 
pushed  before  them  more  than  1,466  gallons  but  less  than  2,228  gal- 
lons of  the  previously  contained  water. 

Sewage  Applied  at  Very  Low  Temperatures  and  Frost 
Accumulates  in  the  Sand. 

Up  to  Feb.  12,  1888,  the  sewage  was  applied  as  it  came  in  the 
pipe  resting  upon  the  river  bed,  at  temperatures  from  35°  to  40° 
Fah.,  or  about  eight  degrees  lower  than  its  temperature  in  the  sewer. 
The  temperature  of  the  air,  during  these  two  months,  averaged 
lower  than  for  nearly  thirty  years.  The  mean  morning  temperature 
was  8°,  and  on  sixteen  days  it  was  below  zero,  reaching  14°  below 
and  averaging  5°  below. 

During  this  cold  time,  frost  in  the  sand  and  snow  and  ice  on  the 
surface  interfered  with  the  entrance  of  sewage  at  so  low  a  tempera- 
ture, when  the  morning  temperature  of  the  air  was  near  zero.  From 
December  19  to  January  11,  when  the  morning  temperature  averaged 
15°,  there  was  96  per  cent,  as  much  effluent  as  of  applied  sewage  : 
one  inch  of  ice  formed  upon  the  surface,  and  frost  was  found  to  be 
six  inches  deep.  In  the  next  thirteen  days,  —  seven  of  which  were 
from  1°  to  14°  below  zero,  in  the  morning, — the  ice  increased  in 
thickness  to  five  inches  and  the  frost  in  the  sand  to  twelve  inches, 
and  there  was  but  72  per  cent,  as  much  effluent  as  of  applied  sewage. 

For  the  next  twenty  days,  or  to  February  12,  sewage  was  applied 
to  the  sand  through  four  or  five  holes  cut  through  the  ice  and  frost. 
On  February  7,  the  ice  was  nine  inches  thick,  and  the  frost  twenty- 
four  inches  thick ;  and  the  sewage,  poured  into  the  holes  at  38°,  was 
not  warm  enough  to  prevent  the  holes  growing  smaller.  During 
these  twenty  days  there  was  74  per  cent,  as  much  effluent  as  of 
applied  sewage. 

This  river  silt  approaches  clay  in  the  hardness  and  depth  to  which 
it  freezes  ;  and  it  became  evident  that  sewage,  applied  at  a  tempera- 
ture seven  degrees  lower  than  that  in  the  sewer,  in  the  quantity 
Iiere  applied,  —  which  was  at  the  rate  of  30,000  gallons  per  acre 
daily,  —  would  not  continue  to  enter  this  material  satisfactorily, 
through  a  long-continued  cold  season.  The  sewage  was  then  heated 
to  45°^— the  same  temperature  as  in  the  sewer  —  and  was  put  upon 
the  tank  at  44°  for  five  days ;   but  this  lost  a  part  of  its  heat  by  the 
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mass  of  ice  on  the  surface.  On  February  17  all  of  the  ice  upon  the 
surface  was  removed,  and  a  trench  two  inches  deep,  like  that  in  Tank 
No.  2,  was  cut  into  the  sand ;  and  thereafter,  sewage  was  applied 
at  a  higher  temperature,  which,  until  March  10,  averaged  56^.  The 
quantity  applied  was  at  the  rate  of  30,000  gallons  per  acre  daily, 
and  the  quantity  of  effluent  was  90  per  cent,  of  this.  The  tempera- 
ture of  the  effluent,  during  this  time,  was  36^  ;  and  that  of  the  air, 
in  the  moniing,  averaged  17^. 

To  remove  the  frost  more  rapidly,  the  quantity  and  temperature 
were  both  increased,  from  March  10  to  22,  —  the  quantity  applied 
averaging  93,400  gallons  per  acre  per  day,  and  the  temperature 
averaging  62^  ;  while  the  effluent  was  90  per  cent,  in  quantity,  and 
had  temperatures  of  35°  and  36°. 

The  lowering  of  the  temperature,  as  it  passed  through  the  filter, 
w^as  evidently  due  to  melting  of  frost  within  the  sand.  The  mate- 
rial at  this  time  allowed  one  inch  in  depth  of  sewage  applied  to  the 
surface  to  disappear  in  one  and  a  half  hours. 

During  the  month  of  April  the  temperature  of  the  applied  sewage 
was  from  41°  to  46°  ;  and  the  effluent  gradually  increased  from  37° 
to  42°. 

Beginning  of  Nitrification. 

When  effluent  from  sewage  first  reached  thp  outlet  the  contained 
nitrogen  as  nitrates  and  nitrites  —  which  had  previously  been  0.035 
parts  per  100,000  —  increased  to  0.050  parts,  near  which  it  contin- 
ued through  the  first  half  of  January,  then  decreased  and  averaged 
0.015  parts  through  February  and  March  and  till  April  10,  when, 
the  temperature  of  the  effluent  being  38°,  it  increased  to  O.OnO 
parts,  near  which  it  continued  through  the  month  while  the  tempera- 
ture increased  to  42°.  Upon  closing  the  outlet,  and  ceasing  to 
apply  sewage  for  five  days,  and  then  drawing  off  that  which  had 
accumulated  in  the  underdmins,  it  was  found  to  contain  0.220  paits 
of  nitrates  and  0.0110  parts  of  nitrites:  but  these  decreased  to 
0.050  and  0.0008  parts  respectively  upon  continuing  the  usual 
application  and  flow  for  a  week, — the  temperature  of  the  effluent 
then  being  47°  ;  but  on  May  19,  with  the  temperature  of  the  effluent 
at  49°,  the  nitrates  increased  to  0.200  parts,  and  thereafter  rose 
rapidly  to  2.200  parts  on  June  2,  when  the  temperature  was  55°. 

The  results  of  chemical  analyses  of  samples  of  the  effluent  from 
this  tank,  in  parts  per  100,000  ;  and  other  observations  taken  from 
day  to  day  during  twenty-two  months  since  sewage  has  been  applied, 
are  given  in  tables  at  the  end  of  this  section. 
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There  may  also  be  found  a  diagram  of  daily  results  of  analyses  of 
the  effluent  and  of  the  sum  of  ammonias  found  in  the  sewage  applied 
to  this  tank,  by  which  the  general  action  of  the  filter  may  be  readily 
traced,  by  the  eye,  through  the  changes  of  season  and  changes  of 
quantity,  and  mode  of  application. 

For  convenient  reference  the  monthly  averages  of  daily  results 
of  analyses  of  effluent '  and  of  the  sewage  from  which  it  came, 
together  with  the  quantity  applied  and  the  number  of  bacteria 
found  in  a  cubic  centimeter  of  the  effluent,  are  given  in  the  fol- 
lowing table. 


Monthly  Averages  of  Daily  Results  with  Tank  No,  4, 


188S. 

Dec.  22,  W-Jan, 

13,  '88. 
January f    . 


Jan.  14-Feb.  11, 
February, . 


Peb.ia-Mar.21, 
March,      . 


Ilar.22-Apr.l2, 

April,         .        . 


Apr.l3-Mayl2, 
^■7.  .       .        . 

May  IS-Jnoe  % 
Jane, . 


June  7-Jane  20, 

Jttiy, .     .      . 


Jane  21-Ang.  7, 
Aagnat,     . 

Aag.8-8ept.7, 
Bt'ptember, 

Bepl.  R-Oct.  5, 
October,    .        . 

Oct.  ftOct.  29, 
B^ovember, 

Ort.30-Nov.23, 
I>e«einber, 


Bewagtt,  . 
Kffluent, . 
Per  eent., 

Bewafe,  . 
EfiQuent, . 
Por  cent., 

Bewag«,  . 

Effluent, . 
Per  cent.. 

Sewage,  . 
Bffluent, . 
Per  cent.. 

Sewage,  . 
Effluent, . 
Per  cent.. 

Sewage,  . 
Effluent, . 
Per  cent.. 

Sewage,  . 
Effluent, . 
Per  cent., 

Sewage,  . 
Bffluent, . 
Per  cent., 

Sewage,  . 
Effluent, . 
Per  cent., 

Sewage,  . 
Effluent, . 
Per  cent.. 

Sewage,  . 
Bffluent, . 
P«r  cent.. 

Sewage,  . 
Effluent, . 
Per  cent., 


Rbsidci  on 

EVAPOKA- 
TIOS. 


H 


157 


34.26 
2.14 
9 

35.25 
1.34 
4 

16.64 
2.12 
13 

41.66 
2.32 
6 


-  ,38.73 
158      4.79 

-  13 

-  '29.50 
101      7.88 

-  ;27 


51 


100 


66 


17.83 
7.83 
41 

23.88 
9.59 
40 

77.97 
5.89 


26.11 
8.78 
14 

18.30 
4.04 
22 

18.36 
1.47 


23.28 
10.74 
46 

19.28 
10.49 
54 

16.62 
9.19 
50 

49.49 
8.72 
18 

43.67 
12.00 

27 

35.10 
15.74 
45       I 

23.20 
19.98 
86 

29.60 
21.77 
73 

85.14 
27.50 
32 

44.73 
22.14 


2*1.84 
19.21 
67 

28.96 
16.69 
58 


1.3448 
.0060 
.4orl 

.9221 


.7362 
.2636 


1.1057 

.4078 

37 

1.0484 

.4788 
46 

1.2843 

.5156 

50 

1.2130 

.8825 

32 

2.1160 
.4411 
21 

2.8156 

.8967 

14 

1.8979 

.23 
16 

2.2890 

.2738 

12 

1.9950 

.1174 

6 


1 
11 


.6436 

.0095 

1.7 

.6743 
.0117 
1.7 


.7214 
.0345 


1803 
0335 


.3190 
.0531 


.5800 
.0713 


9874 
0552 


.6735 
.0340 


.4360 
.0324 


.4450 
.0164 


1.8884 
.0155 
.8ofl 

1.6964 
.0379 
2.4 

1.1255 i 
.2900 
26 

1.8271 
.4423 
24 

2.2287 
.5123 
23 

1.9279 
.6843 
35 

1.5320 
.4356 

28 

2.6960 
.5124 
19 

4.8030  ' 

.4319  I 

9     I 

2.5714 
.3179 
12 

2.7250 
.3057 
11 

2.4400 
.1338 
6 


3.15 
3.34 


2.06 
2.76 


2.45 
2.45 


2.88 
2.26 


3.44 
8.17 


4.28 
4.76 


4.44 

6.07 


6.42 
6.72 


8.5S 
8.32 


7.82 
6.41 


5.00 
5.28 


4.93 
3.96 


KiTROOIV 


.007 
.085 


.007 
.016 


.007 
.014 


.008 
.033 


.007 
.588 


.009 
.674 


.006 
.258 


.008 
.328 


.187 


.182 


.143 


.010 
.272 


.0042 


49' 


,0005 
,0029  61' 


0005 
0046 


.0002 
0057 


.0000 
0025 


.0000 
0014 


.0000 
.0013 


0000 
0009 


58" 


bV 


o  5"  4> 

ill 


403 


3,494 


668 


41 


21 


46 


24 


19 


18 
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Monthly  Averages  of  Daily  Results  taUh  Tank  No.  4 — Concluded. 


©3 

It: 
1' 

Kksiduk  om 

EVAPORA- 
TIOK. 

Ammonia. 

« 

KiTBOcnr 

AS 

1 
1 

Datb, 

i 

1 

A 

< 

1 

i 

1 

1 

'A 

18S». 

1 

Nov.24,»88-Dec. 

21,  "88,     . 
January,    . 

Dec.22,'88-Jan. 

17,  »89,     . 
February, . 

Sewage,  . 
Effluent, . 
Per  cent.. 

Sewage,  . 
Effluent, . 
Per  cent.. 

60 
56 

14.19 
0.91 
6 

13.62 
'    1.27 

1   9 

31.46 
15.91 
51 

26.22 
14.36 
55 

1.1330 
.0561 
6 

1.2160 
.0295 
2.4 

.2870 

.3390 
.0094 
3 

1.4200 
.0673 
5 

1.6550 
.0389 
2.5 

4.40 
3.75 

4.52 
3.79 

.011 
.240 

.020 
.260 

.0000 
.0009 

.0004 
.0006 

4r 
4or 

11 

13 

Jan.  18-Feb.  22, 
March,       .        . 

Sewage,  . 
Effluent, . 
Per  cent., 

67 

9.06 
1.67 
18 

19.85 
14.71 
74 

1.0269 
.0088 
.9ofl 

.2475 
.0092 
4 

1.2744 
.0180 
1.4 

3.70 
2.38 

.027 
.278 

.0086 
.0003 

ar 

4 

Feb.  23-Mar.28, 
April,         .        . 

Sewage,  . 
KfUucnt, . 
Per  cent.. 

74 

13.43 
1.60 
12 

23.70 
18.22 

77 

1.5429' 
.0041 
.3ofl 

.3908 
.0108 
2.7 

1.9437 
.0140 
.8ofl 

4.48 
3.43 

.012 
.617 

.0122 
.0003 

44' 

5 

Mar.  29- Apr.  27, 
May,  .        .        . 

Sewage,  . 
Effluent, . 
Per  cent.. 

ii 

12.86 
2.04 
16 

25.69 
21.52 
84 

1.9362 
.0010 
.05ofl 

.4369 
.0108 
2.5 

2.3731 
.0118 
.5ofl 

5.35 
4.01 

.007 
.880 

.0010 
.0001 

56* 

35 

Apr.  28,  May  22, 
June, . 

Sewage,  . 
Effluent, . 
Per  cent.. 

60 

15.33 
2.24 
15 

24.20 
22.56 
93 

1.9645 
.00-22 
.lofl 

.4246 
.0147 
3.5 

2.3891 1 
.01691 
.7ofl| 

4.53 
4.34 

.002 
.812 

.0000 
.0001 

64- 

25 

May23-July4,  . 
July,  , 

Sewage,  . 
Effluent, . 
Per  cent.. 

87 

23.05 
3.86 
17 

29.59 

20.88 
71 

2.3150 
.0100 
.4ofl 

.5537 
.0181 
3.3 

2.8687 
.0281 

1 

4.98 
5.08 

.000 
.388 

.0000 
.0003 

6r 

91 

July  6-29, . 
August,     . 

Sewage,  . 
Effluent,. 
Per  cent.. 

67 

22.69 
2.10 
9 

30.85 
20.50 
66 

2.4400 
.0009 
.04ofl 

.6227 
.0174 
2.8 

3.0627 
.0183: 
.6ofr 

6.56 
4.47 

.000 
.425 

.0000 
.0000 

60* 

27 

September, 

Sewage,  . 
Effluent, . 
Per  cent., 

127 

26.80 
3.06 
11 

86.81 
20.40 
56 

1.8247 
.0087 
.5ofl 

.6779 
.0155' 
2.3 

2.5026; 
.0242 

1 

6.19 
5.32 

.000 
.487 

.0002 
.0005 

er 

94 

Sept.  14-Oct.  14, 
October,     . 

Sewage,  . 
Effluent,. 
Per  cent., 

135  1 

"i 

26.98 

84.75 

1.8800 
.0017 
.lofl 

.7833 
.0112 
1.4 

2.6633 
.0129 
.5ofli 

4.73 
4.80 

.001 
.777 

.0002       - 
.00021   58- 

91 

For  two  months  after  sewage  reached  the  outlet  a  yery  large  part 
of  its  impurity  was  retained  by  the  sand.  The  albuminoid  ammonia 
of  the  effluent  increased  slowly  from  that  obtained  when  filtering 
water,  and  averaged  each  month  only  one  and  seven-tenths  per  cent. 
of  that  of  the  sewage.  The  free  ammonia  increased  somewhat  more 
rapidly,  averaging  the  first  month  four-tenths  of  one  per  cent.,  and 
the  second  month  three  per  cent.,  of  that  of  the  sewage. 

These  small  percentages  occurred  during  the  winter  months,  when 
sewage  was  entering  the  tank  at  low  temperature,  and  much  of  i\^^ 
time  through  a  few  holes  cut  in  the  frost.  The  quantity  of  sewage 
filtered  in  this  time  was  10,000  gallons,  or  the  equivalent  of  2,000,000 
gallons  on  an  acre. 

In  the  third  month  (March),  when  the  effluent  was  at  the  rate  of 
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50,000  gallons  per  acre  per  day,  and  there  was  no  nitrification,  the 
albuminoid  ammonia,  increased  from  0.0184  parts  to  0.0330  parts, 
and  averaged  7  per  cent,  of  that  of  the  sewage,  while  the  free 
ammonia  increased  from  0,0628  parts  to  0.4500  parts,  and  averaged 
36  per  cent,  of  that  of  the  sewage. 

In  April,  although  the  nitrates  increased  from  0.018  parts  in  the 
first  week  to  0.050  parts  in  the  latter  part  of  the  month  and  the  am- 
monias decreased  a  little  at  the  first  increase  in  nitrates,  yet  the 
ammonias  increased  and  became  a  little  higher  the  last  of  the  month 
than  at  the  first.  The  albuminoid  ammonia  averaged  0.0345  parts, 
or  5  per  cent,  of  that  of  the  sewage ;  and  the  fi*ee  ammonia,  0.4078 
parts,  or  37  per  cent,  of  that  of  the  sewage.  The  quantity  filtered 
was  at  the  rate  of  a  little  more  than  31,000  gallons  per  acre  per  day. 
The  same  quantity  was  continued  through  May :  and  while  the 
nitrates  increased  from  0.220  parts  to  1.000  parts,  the  albuminoid 
ammonia  was  the  same  at  the  end  as  at  the  beginning  of  the  month, 
and  averaged  for  the  month  0.0335  parts,  —  which  was  but  3  per 
cent,  of  that  of  the  sewage ;  and  the  free  ammonia  increased  from 
0.3500  to  0.5500,  averaging  0.4788  parts  or  46  per  cent,  of  that  of 
the  sewage. 

At  this  time  it  required  about  fifteen  days  for  sewage  applied  to 
the  surface  of  the  tank  to  reach  the  outlet. 

Organisms  were  observed  by  the  naked  eye,  in  the  samples  of 
effluent  from  this  filter,  from  April  to  August,  but  unfortunately 
were  not  named  or  counted. 

Early  in  June  it  was  found  that  the  150  gallons  of  sewage  applied 
daily  did  not  all  disappear  before  the  next  application,  and  after 
June  16  the  quantity  applied  was  but  100  gallons;  but  before  the 
end  of  the  month  this  quantity,  with  the  ordinary  rainfall,  was  more 
than  would  pass  through  the  filter.  It  accumulated  upon  the  surface 
until  July  11,  after  which  no  sewage  was  applied  for  two  weeks,  in 
which  time  it  entirely  disappeared  and  the  surface  became  dry. 

Soon  after  the  sewage  remained  continuously  upon  the  surface, 
the  nitrates  decreased  rapidly  from  2.2000  parts  on  June  2  to  0.2000 
parts  on  June  30,  and  to  0.1560  parts  on  July  7.  The  albuminoid 
ammonia  increased  from  0.0270  parts  to  0.0530  parts ;  averaging 
during  the  month  of  June  0.0387  parts,  or  six  per  cent,  of  that  of 
the  sewage  ;  and  the  free  ammonia  averaged  for  June  0.6456  parts. 
From  July  12  to  24,  when  no  sewage  was  applied  and  the  amount 
draining  out  was  but  26  gallons  per  day,  the  nitrates  were  higher, 
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averaging  0.3410  parts.  The  albuminoid  ammonia  changed  but 
little,  averaging  0.0450  parts ;  and  the  free  ammonia  decreased 
noticeably,  averaging  0.2866  i)arts. 

Upon  resuming  on  July  25  the  usual  supply  of  sewage,  —  the 
thin,  tough  layer  of  sediment  having  curled  up  when  exposed  to  the 
sun,  —  the  100  gallons  disappeared  from  the  surface  in  less  than  an 
hour,  and  continued  to  do  so  for  a  week  or  ten  days ;  after  which 
the  time  increased  to  several  hours,  and  on  rainy  days  some  liquid 
remained  upon  the  surface  continually. 

The  nitrates,  which  averaged  0.2576  parts  in  July,  continued 
fncreasing  through  the  most  of  August,  averaging  0.3278  parts  ;  but 
in  September  they  decreased  rapidly  till  the  17th,  when  they  were 
but  0.0450  pails. 

On  account  of  the  imperfect  purification,  as  shown  by  the  decrease 
in  nitrates,  a  change  was  made  in  the  application  of  sewage.  Pre- 
vious  to  September  15,  100  gallons  of  sewage  were  applied  daily. 
After  this  date  200  gallons  were  applied  on  Monday,  Wednesday 
and  Friday  of  each  week  until  the  first  of  November,  after  which 
for  seven  months  the  quantity  was  150  gallons  applied  on  the  same 
days  of  the  week. 

The  average  results  of  analyses  of  efiluent  for  July,  including  the 
thirteen  days  when  no  sewage  was  applied,  were  as  follows  :  Nitrites, 
0.0046  parts;  nitrates,  0.258;  albuminoid  ammonia,  0.0550  parts, 
or  17  per  cent,  of  that  of  the  sewage;  free  ammonia,  0.3825  parts, 
or  32  per  cent,  of  that  of  the  sewage. 

In  August  the  nitrates  increased  from  the  second  to  the  fourth 
week,  and  later  in  the  month  the  ammonias  decreased.  The  average 
results  for  the  month  were  :  Nitrites,  0.0057  parts  ;  nitrates,  0.328 
parts;  albuminoid  ammonia,  0.0713  parts,  the  highest  for  the  year 
although  but  12  per  cent,  of  that  of  the  sewage ;  free  ammonia,  0.4411 
parts,  or  21  per  cent,  of  that  of  the  sewage. 

The  fall  of  rain  in  September  and  October  was  unusually  large, 
amounting  to  13.66  inches;  and,  although  about  one-quarter  of 
this  was  siphoned  ofi*  from  the  top  of  the  tank,  liquid  remained  upon 
the  surface  more  than  half  the  time.  The  nitrates  remained  low ; 
although  after  the  change  in  application  from  100  gallons  daily  to 
200  gallons  three  times  a  week,  the  nitrates  increased  from  0.0450 
parts  on  September  19  to  0. 1900  parts  on  October  31.  The  monthly 
averages  of  nitrates  remained  nearly  constant  for  the  three  months 
September,  October  and  November,   being  0.1370  parts,   O.1320 
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parts  and  0.1430  parts,  respectively.  The  nitrites  were  much  lower 
than  formerly  and  continued  to  decrease,  being  0.0025,  0.0014  and 
0.0013  parts. 

The  ammonias  were  also  growing  less, — albuminoid  ammonia 
averaging,  for  each  of  these  months,  0.0552,  0.0346  and  0.0324 
parts,  respectively;  and  free  ammonia,  0.3967,  0,2833  and  0.2733 
parts.  The  sum  of  ammonias  was,  in  the  last  month,  11  per  cent, 
of  those  of  the  sewage.  The  quantity  of  effluent  was  19,200  gallons 
per  acre  per  day  for  September  and  October  and  15,200  gallons  per 
acre  per  day  for  November. 

Filtration  by  the  river  silt  of  Tank  No.  4  from  the  beginning  of 
nitrification  in  May  to  the  latter  part  of  November,  1888,  with  quan- 
tities varying  from  30,000  gallons  to  15,000  gallons  per  acre  per 
day,  has  been  unsatisfactory,  the  sura  of  ammonias  averaging  from 
35  per  cent,  to  9  per  cent,  of  those  of  the  sewage ;  and,  if  experi- 
ence with  this  material  had  then  ceased,  it  would  have  b^en  judged 
a  very  poor  material  to  use  for  purifying  sewage. 

The  extreme  fineness  of  this  sand,  and  flaky  character  of  some  of 
its  particles  and  the  alumina  and  oxide  of  iron  it  contains  evidently 
pat  it  at  a  disadvantage  when  compared  with  sand  of  No.  2  when 
filtering  the  above  quantities  of  sewage. 

The  purification  for  the  latter  six  months,  as  shown  l)y  the  degree 
of  nitrification  and  by  the  amount  of  ammonia  remaining  in  the 
effluent,  has  been  but  one-quarter  of  that  of  Tank  No.  2 ;  and  in 
the  last  three  months  a  much  smaller  fraction. 

The  fall  rains,  which  had  been  excessive,  together  with  the  amount 
of  sewage  applied,  kept  the  surface  of  the  tank  covered  much  of 
the  time ;  and  when  not  covered  the  upper  layers,  being  of  so  fine 
material,  were  continually  so  nearly  saturated  that  little  air  could 
enter  the  sand  to  supply  oxygen  for  nitrification ;  and  in  the  last 
three  months  only  five  per  cent,  of  the  nitrogen  of  the  sewage 
applied  appeared  in  the  effluent  as  nitrates. 

Two  changes  were  then  made  in  the  management  of  the  filter. 
The  quantity  of  sewage  was  reduced,  and  for  seven  months  contin- 
ued at  about  12,000  gallons  per  acre  per  day,  by  applying  150 
gallons  three  times  a  week  ;  and  rain  and  snow  were  excluded  from 
the  tank  by  a  canvas  covering  from  Nov.  22,  1888,  to  March  13, 
1889. 

An  effect  of  the  change  was  soon  apparent  in  the  increase  of  the 
nitrates  and  the  decrease  of  the  ammonias. 
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The  relation  of  the  nitrogen  of  the  effluent  in  nitrates  to  the 
nitrogen  of  the  sewage,  throughout  the  eighteen  months  after  nitri- 
fication commenced,  is  given  for  each  month  in  the 
table. 


following 


Fercenlage  of  Nitrogen  applied  to  Tank  No.  4  in  the  Sewage  that  appears  in  the 

Effluent  as  Nitrates. 


May. 

June, 
July, 
August,  . 
September, 
October,  . 
Noveir  ber, 
December, 


January, . 
February, 
March,*  . 
April,  . 
May. 
June, 
July. 

August,  . 
September, 
October,  . 


1888. 


Kitrogen 
applied 

ill 
Sewage. 


2.8024 

2.1181 

1.5243 

« 
2.6945 

5.5681 

2.6d08 

2.5920 

2.3757 


1.4107 
1.5735 
1.2836 
1.9303 
2.3122 
2.3092 
2.8064 
3.0220 
2.6082 
2.8274 


Kitrates 

in 
Effluent 
corrected 

for 
Quantity. 


.551 
.651 
.218 
.307 
.128 
.155 
.163 
.286 

.280 
.237 
.242 
.655 
.944 
.886 
.389 
.534 
.457 
.833 


Per  Cent 

of 
Nitrogen 
applied. 


Average 
Daily 

Quantity. 
Qals. 


31 
14 

n 

2 
6 
6 
12 

20 
15 
19 
34 
41 
38 

18 
18 
29 


158 
101 
61 
100 
96 
96 
76 
56 

60 
56 
67 
74 
67 
60 
87 
67 
127 
135 


TEXPSiurru. 


1 

Sew- 
age. 

Efflu- 
ent 

45* 

49' 

55* 

61* 

66- 

er 

70' 

• 

7W 

w 

61* 

5S* 

60* 

32* 

47* 

43- 

4i' 

4r 

44* 

40* 

45- 

39* 

39- 

44* 

48* 

56* 

60* 

64* 

67* 

68' 

•  2- 

er 

70' 

«:• 

5tr 

ar 

Marked  Improvement  in  Result  by  Filtering  a  Less 

Quantity. 
After  the  reduction  in  quantity  of  sewage  and  exclusion  of  rain 
and  snow,  the  nitrogen  as  nitrates  in  the  effluent  increased  from  6 
per  cent,  of  the  nitrogen  in  the  sewage  to  12  per  cent,  in  December, 
20  per  cent,  in  January,  15  per  cent,  in  February  and  19  per  cent, 
in  March  ;  averaging  for  these  four  cold  months  16.5  per  cent.,  and 
being  about  four-tenths  as  complete  as  in  Tank  No.  2.  In  the  next 
three  months,  during  the  growing  season  of  spring  and  early  sum- 
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mer,  the  pitrates  were  higher,  averaging  38  per  cent,  of  the  nitrogen 
of  the  sewage. 

The  sum  of  the  ammonias,  which  in  November  was  0.3057  parts, 
OT  11  per  cent,  of  that  in  the  sewage,  decreased  month  by  month  as 
follows  :  December,  0.1338  parts ;  January,  0.0673  parts ;  February, 
0.0389  parts;  and  in  March,  0.0180  parts,  or  1.4  per  cent,  of  that 
in  the  sewage.  The  free  ammonia  decreased  from  0.1174  in  Decem- 
ber to  0.0088  in  March ;  and  the  albuminoid  ammonia  from  0.0164 
in  December  to  0.0092  in  March. 

On  March  13, 1889,  the  canvas  covering  was  removed,  and  through 
the  next  three  months  the  tank  was  exposed  to  rain ;  and  the  exter- 
nal conditions  of  the  tank  were  similar  to  those  of  the  same  months 
in  1888,  except  that  then  150  gallons  of  sewage  were  applied  every 
day,  and  in  1889  the  same  amount  was  applied  every  other  day, 
making  the  quantity  of  effluent  in  the  latter  period  13,400  gallons 
per  acre  per  day. 

In  the  first  year  nitrification  was  only  beginning  in  April,  while  in 
the  second  year  it  had  been  continuous  through  the  winter.  The 
comparison  of  the  effluent  in  June,  1888,  when  the  t^mk  had  filtered 
29,000  gallons  of  sewage,  with  June,  1889,  after  it  had  filtered 
56,000  ^lons,  presents  points  of  interest.  In  the  first  year,  sewage 
bad  been  applied  in  too  large  quantities ;  and  the  amount  then 
received,  which  averaged  20,000  gallons  per  acre  per  day,  kept  the 
surface  covered  a  large  part  of  the  time,  while  in  the  second  year 
the  quantity  averaged  12,000  gallons  per  acre  per  day  and  disap- 
peared promptly  after  application. 


Free 
Amiuoiiia. 


Albuminoid 
Ammonia. 


Sum  of 
Ammonias. 


Nitrogen 
as  Nitrates. 


Jane,  1888,  — 

Effluent 

Per  cent,  of  amount  in  Sewage, 

June,  1889,— 

Effluent, 

Per  cen{.  of  amount  in  Sewago, 


0.6456 
&0 


0.0022 
0.1  of  1 


0.0887 
0 


0.0147 
8.5 


0.6 
35 


0.0169 
0.7  of  1 


0.674 


0.812 


April  and  May  of  the  second  year  gave  quite  as  good  results  as 
June. 

We  find  here  that  this  fine  filtering  material,  which  gave  so  poor 
results  the  first  year,  could,  by  adapting  the  quantity  to  its  capacities, 
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be  made  to  give  an  effluent  as  pure  chemically  as  many  public  drink- 
ing waters.  Having  obtained  this  satisfactory  result,  a  plan  was 
devised  to  deteimine  if  still  better  i*e3ults  with  larger  quantities  of 
sewage  might  not  be  obtained. 

By  Applying  Sewage  in  Trenches  Filled  wfth  Coarse  Sand 

Excellent  Results  are  Obtained  with  Larger  Quantities. 

On  June  24,  1889,  a  trench  was  excavated  in  Tank  No.  4  one  foot 
and  a  half  from  the  outside  of  the  tank.  It  was  out  2  feet  wide  and 
1  ft.  2  in.  deep,  and  filled  to  within  three  inches  of  the  surface  of  the 
tank  with  coarse  sand  like  that  of  Tank  No.  1.  Sewage  was  to  be 
applied  only  to  the  coarse  sand,  thus  leaving  dry  about  two-thirds 
of  the  area  of  the  surface  of  the  tank.  The  area  of  the  two  sides 
and  bottom  of  the  trench,  where  liquid  filling  the  coarse  sand  came 
in  contact  with  the  fine  river  silt,  equalled  two-thirds  of  the  area  of 
the  top  of  the  tank. 

Liquid,  coming  in  contact  with  the  fine  river  silt  through  the 
coarse  sand,  has  the  advantage  that  it  does  not  have  a  motion  over 
the  silt  in  such  a  way  that  it  is  likely  to  take  up  the  finest  of  the  silt 
and  deposit  it  in  the  interstices  where  it  enters,  thus  clogging  up 
the  surface,  as  liquid  moving  over  the  surface  of  a  field  of  silt  would 
do.  From  the  bottom  of  the  coarse  sand  to  the  bottom  of  the  filter, 
the  liquid  passes  through  a  depth  of  3  feet  and  10  inches  of  fine 
silt. 

From  June  24, 1889,  to  August  29,  the  same  amount  of  sewage  — 
150  gallons  three  times  a  week  —  was  applied  to  the  coarse  sand. 

The  nitrification  was  not  as  complete,  and  the  ammonias  were 
somewhat  higher,  through  the  first  month  after  the  change ;  but  in 
the  second  month  the  ammonias  were  very  satisfactory. 

The  monthly  averages  of  the  analyses  were  as  follows :  — 


Free 
Ammouia. 


Albumluold 
Ammonia. 


Sum  of 
Ammonias. 


as  Nitrates. 


July,- 

Effluent, 

Per  cent,  of  amount  in  Sewage, 

August,  -- 

Effluent, 

Per  cent,  of  amount  in  Sewage, 


0.0100 
0.4  of  1 


0.0009 
0.04  of  1 


0.0181 
8.3 


0.0174 
2.8 


0.0281 
1. 


0.0183 
0.6  ofl 


0.425 
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On  tho  last  days  of  August  the  quantity  applied  was  doubled,  and 
continued  through  September  and  October  at  300  gallons  three  times 
a  week.  The  effluent  in  October  was  at  the  rate  of  27,000  gallons 
per  acre  per  day.  The  change  caused  the  free  ammonia  of  the 
effluent  to  increase  a  little  for  three  weeks ;  after  which  both 
ammonias  steadily  decreased.  The  monthly  averages  of  analyses 
are  as  follows  :  — 


Free 
Ammonia. 

Albuminoid 
Ammonia. 

Sum  of 
Ammonias. 

Nltrofren 
as  Nitrates. 

September,  ~ 

Effluent, 

0.0087 

O.OIM 
.2.3 

0.0112 
1.4 

0.0342 
1. 

0.0129 
0.5  of  1 

0.487 

Per  cent,  of  amount  In  Sewage,      .... 

October,— 

Effluent 

0.5  of  1 
0.0017 

0.777 

Per  cent,  of  amount  in  Sewage,      .... 

0.09  of  1 

The  nitrates  increased  through  October,  and  the  final  analysis  of 
the  month  showed  the  effluent  to  be  among  the  best  from  all  of  the 
filters.  It  was  as  follows :  Free  ammonia,  0.0008 ;  albuminoid 
ammonia,  0.0092  ;  nitrates,  0.9500. 

Still  later  observations  through  November  and  December  show 
a  continuance  of  as  good  results ;  so  that  this  filter,  which  a  year 
ago  gave  very  imperfect  and  unsatisfactory  results  when  filtering 
20,000  gallons  per  acre  per  day,  was  found  capable  of  filtering 
with  entire  satisfaction  12,000  gallons  per  acre  per  day,  and  has 
now  by  the  modification  indicated,  been  made  capable  of  filtering 
27,000  gallons  per  acre  per  day,  and  giving  an  effluent  whose 
organic  impurities,  as  shown  by  the  ammonias,  are  less  than  those  of 
the  majority  of  the  public  drinking-water  supplies  of  the  State.  The 
effluent  has  of  late  been  generally  free  from  color,  turbidity,  sedi- 
ment and  odor. 

Amount  of  Nitrogen  Applied  Compared  with  That  in  the 

Effluent. 

An  attempt  to  determine  the  amount  of  stored  nitrogen  in  the 
sand  of  No.  4,  at  different  dates,  failed  to  give  satisfactory  results ; 
because  the  original  sand  contained  small  pieces  of  roots  and  organic 
matter  so  unevenly  distributed  that  a  small  sample  taken  at  any 
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depth  was  not  representative  of  the  tank  at  that  depth.  The  general 
results  of  examinations  made  on  Dec.  19,  1888,  and  on  May  24, 
1889,  indicated  that  in  the  upper  three  inches  in  depth  there  was 
much  less  nitrogenous  matter  in  May  than  in  the  previous  December. 
Below  this  depth  there  was  but  little  less  in  May. 

A  computation  of  the  amount  of  nitrogen  applied  in  the  sewage 
and  the  amount  which  came  off  in  the  eJBSuent,  as  described  for  Tank 
No.  1,  shows  that  in  the  first  ten  months  up  to  Nov.  1,  1888,  the 
amount  found  in  the  effluent  of  Tank  No.  4  was  20  per  cent,  of  the 
amount  applied.  In  the  last  twelve  months,  from  Nov.  1,  1888,  to 
Nov.  1,  1889,  the  amount  found  in  the  effluent  was  25  per  cent,  of 
the  amount  applied. 

Only  a  little  more-  than  half  as  much  of  the  nitrogen  applied 
appears  to  have  come  off  in  the  effluent  of  this  tank  as  came  off  in  the 
effluent  of  Tank  No.  2,  and  yet  this  tank  does  not  act  like  one  stor- 
ing up  nitrogen.     It  may  be  that  more  escapes  into  the  air. 

Microscopic  Organisms  in  Effluent  of  Tank  No.  4. 
The  microscopic  organisms  found  in  the  effluent  of  Tank  No.  4 
have  been  almost  entirely  limited  to  three  forms  found  chiefly  in  the 
three  months  September,  October  and  November,  1888  ;  in  which 
time  Leptothrix  averaged  2,450  in  5  gallons  (most  of  which  were 
found  in  September)  ;  Arcella  averaged  17  (these  appeared  from 
July  through  October)  ;  and  Monas  averaged  3,000.  All  these 
were  found  when  the  effluent  contained  large  amounts  of  ammonia ; 
and  it  is  believed  that  they  did  not  come  through  the  sand  but  grew 
in  the  bottom  of  the  tank  on  the  gravel  and  in  the  underdrains.  No 
observations  were,  however,  taken  that  prove  they  did  not  come 
through  the  sand.  In  the  past  year  few  examinations  have  been 
made  of  the  effluent,  because  those  that  were  made  indicated  no 


Bacteria  in  Effluent  of  Tank  No.  4. 
The  number  of  bacteria  found  in  the  effluent  of  Tank  No.  4  in  the 
ten  days  in  December,  1887,  when  the  first  sewage  was  pushing  city 
water  before  it,  was  15  per  cubic  centimeter.  On  Jan.  3,  1888, 
when  3,830  gallons  had  passed  out,  after  sewage  was  applied,  the 
number  increased  to  95,  and  two  days  later  the  number  was  8,509, 
per  cubic  centimeter.     In  the  next  two  weeks,  the  number  averaged 
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7,648,  —  the  highest  number  counted  (24,673)  being  on  January 
19.  Immediately  after  this  the  number  rapidly  decreased,  and  on 
January  28  was  only  8.  The  average  number  for  February  was 
403  ;  for  March,  3,494  ;  and  for  April,  568. 

After  nitrification  began,  the  number  was  much  reduced  ;  and  for 
eighteen  months  the  average  number  counted  in  a  cubic  centimeter 
was  32. 

In  the  six  months  previous  to  putting  in  the  trench  of  open  sand, 
the  average  number  counted  was  15.  In  the  four  months  after  the 
application  of  sewage  was  limited  to  the  trench  of  coarse  sand,  the 
average  number  has  been  76,  —  which  is  the  same  number  counted 
in  water  from  the  city  service  pipe  in  the  same  months. 

In  October,  1889,  counts  were  made  on  several  different  days, 
when  the  rate  of  flow  varied  from  84  cubic  centimeters  to  1,200 
cubic  centimeters  per  minute,  to  see  if  there  was  an  increase  in  num- 
ber with  the  rate  of  flow  ;  but  no  relation  between  the  number  and 
tlie  rate  of  flow  could  be  recognized :  the  number  varied  from  2 
to  48,  and  averaged  10. 

The  small  average  number  for  eighteen  months  of  32  per  cubic 
centimeter,  when  the  average  number  applied  to  the  surface  of  the 
tank  in  the  sewage  was  700,000  per  cubic  centimeter,  or  one  bac- 
terium surviving  the  passage  out  of  22,000  applied,  indicates  very 
unfavorable  conditions  for  the  life  of  bacteria  during  the  passage  of 
from  three  weeks  to  six  weeks  through  the  sand.  It  may  be  that  a 
small  number  of  a  very  few  species  survive,  but  it  is  most  probable 
that  none  survive,  and  that  the  small  numbers  found  in  the  effluent 
grow  in  the  underdrains.  We  have  not  yet  sufficient  data  to  deter- 
mine with  certainty  whether  or  not  any  of  the  bacteria  of  the  sewage 
are  found  in  the  effluent ;  but  it  is  hoped  that  during  the  coming 
year  this  may  be  determined  by  a  careful  study  of  the  species. 

The  number  of  bacteria  observed  in  the  effluent  of  Tank  No.  4, 
from  the  first  application  of  sewage  to  October  31,  1889,  may  be 
found  in  the  following  table. 
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Number  of  Bacteria  per  Cubic  Centimeter  found  in  the  Effluent  of  Tank  2<fd.  4. 


Number 

of 
Bacteria. 

Number 

of 
Bacteria 

Number 

of 
Bacteria. 

Number 

of 
Bacteria. 

IMS. 

ISM — Con. 

IMS.-Oon. 

18»».-Con 

Jan.       3,      . 

95 

March  24,      . 

6.088 

Sept.    15,      . 

60 

March  12.     . 

6.      . 

8,539 

27.      . 

3.973 

20.     . 

6 

19,      . 

7,      . 

1,707 

1.940 

25,      . 

7 

26.     . 

10,      . 

12,244 

31.      . 

2,800 

29,      . 

4 

April     2.     . 

12,      . 

1,635 

April     3.      . 

1.324 

Oct.       2,      . 

22 

9,     . 

14,      . 

2,271 

19.      . 

811 

«,      . 

16 

18,     . 

17,      . 

3.380 

26.      . 

145 

11.      . 

6 

24.     . 

39.      . 

24.673 

28,      . 

491 

Ifl.     . 

88 

80.     . 

21,      . 

7.208 

May       8.      . 

70 

20,      . 

4 

May       7.     . 

24,      . 

2.308 

10.      . 

64 

25.      . 

4 

14.     . 

28,      . 

687 

12.     . 

36 

30,      . 

46 

21,     . 

121 

2S,      . 

8 

19.      . 

43 

Nov.      8,     . 

84 

28,     . 

31.      . 

175? 

22.     . 

30 

8,      . 

12 

Jane     4,     . 

Feb.       2,      . 

76 

26.      . 

35 

13.      . 

1 

11,     . 

4,      . 

4 

29.      . 

8 

19.      . 

8 

18.     . 

7,      . 

41 

81,      . 

48 

23.      . 

1 

26,      . 

g.     . 

887 

June      5, 

5 

23.      . 

9 

July      2,     . 

11.      . 

61 

8.     . 

31 

Dec.      6,     . 

1 

9.     . 

14,      . 

98 

14.      . 

46 

10.     . 

7 

18,     . 

16.      . 

4 

21,      . 

6 

14,     . 

6 

28.     . 

264 

IS,      . 

26 

26.      . 

16 

21,      . 

11 

80.     . 

187 

21,      . 

861 

July       8,      . 

8 

26.      . 

12 

Aug.      6.     . 

23,      . 

851 

7,     • 

83 

1M9. 

12.     . 

25.      . 

731 

13,      . 

147 

Jan.       2.     . 

6 

19,      . 

28,      . 

1,195 

17.      . 

4 

'                 8,      . 

9 

24,     . 

March   1,     . 

9.314 

21,      . 

82 

15,      . 

22 

Sept.     2.     . 

3,     . 

216 

26,      . 

4 

22.      . 

12 

10,     . 

SO 

6,     . 

3,038 

Aug.      2,      . 

6 

1 

1               29,      . 

7 

14.      . 

273 

8,      . 

653 

7,      . 

32 

Feb.       6,      . 

42 

«.     . 

60 

10.      . 

783 

11,      . 

44 

12.      . 

3 

Oct.       2.     . 

6 

17,     . 

1,904 

16,      . 

16 

19.      . 

2 

i               10.     . 

10 

20.     . 

8,303    ' 

21.      . 

20    1 

27,      . 

6 

1                16,     . 

S46 

22,      . 

4,041 

Sept.    11.      . 

3 

March    5,      . 

1 

1 

2 

1 

The  numbers  of  bacteria  found  in  a  gram  of  sand  of  Tank  No.  4 
at  different  depths,  on  two  dates,  are  given  in  the  following 
table :  — 
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DiSTAKCS  BKLOW 

NrxBRR  OP  Dactkria  per 
Ubam  or  Band. 

DiSTANCB  BRLOW 
THK  8URFACR. 

NUXBBR  OF  BACTKRIA  PER 

Ukak  or  Sand. 

THK  SCHFACIE. 

December  19, 
1888. 

^f&«- 

December  19. 
1888. 

May  24, 
lti88. 

0  to  U  inch,  . 

6  inches, 

T  inches,        .     *  . 

10  inches, 

11  inches, 
21  inches. 

25,800 
14,000 

6,700 

702,000 

84,200 

18,000 
8,200 

24  Inches,       . 
36  inches, 
40  Inches,      . 
48  inches,      . 
00  inches, 
61  inches,       . 

17,000 
7,800 

10,200 

18,100 

800 

21,800 
17,900 

To  make  conclusions  from  such  data,  observations  should  be 
extended  to  the  return  of  similar  seasons  of  the  year.  Here  we  see 
that  the  numbers  increased  much  near  the  surface  from  the  cold 
month  of  December  to  the  warm  month  of  May,  but  they  increased 
very  little  below  the  upper  foot. 

In  December,  1888,  the  bacteria  found  at  48  inches  and  60  inches 
below  the  surface  were  observed  to  be  nearly  all  of  one  kind,  and 
the  same  kind  as  found  in  the  lower  part  of  Tank  No.  1. 

The  average  number  found  in  the  effluent  during  this  month  was 
7,  and  these  were  observed  to  be  not  of  the  same  species  as  those  in 
the  sand.  This  looks  as  if  at  this  time  nearly  all  of  the  species  in 
the  sewage  died  near  the  surface  of  the  tank ;  that  one  species, 
finding  the  circumstances  suitable,  made  its  home  in  the  sand  and 
remained  there,  and  that  the  very  small  number  in  the  effluent  grew 
in  the  underdrains  and  outlet  pipe. 

In  May,  1889,  the  bacteria  in  the  sand  were  observed  to  be  of 
several  different  kinds,  but  no  relation  was  recognized  between  them 
and  those  of  the  effluent.  On  Feb.  4,  1889,  effluent  collected  from 
this  tank  that  had  been  accumulating  in  the  measuring  basin  for  two 
days,  and  had  a  temperature  of  35^  Fah.,  was  examined  to  sec  if 
bacteria  increased  upon  the  effluent  standing  exposed  to  the  air. 
The  number  found  was  but  3,  while  the  number  in  the  effluent 
examined  next  previously  was  7  ;  indicating  that  no  increase  was 
taking  place  under  these  circumstances. 

On  Dec.  17,  1888,  when  this  tank  had  begun  to  improve  but  was 
still  giving  a  poor  result,  a  sample  of  the  effluent  from  No.  4  in  a 
bottle,  was  put  in  a  warrn,  sunny  place,  and  kept  there  for  ten 
months.  The  stopper  was  removed  a  few  times.  The  liquid  for 
many  weeks  appeared  somewhat  opalescent,  but  finally  became  clear 
with  a  dark  sediment.  At  the  end  of  the  ten  months,  Oct.  28, 
1889,  it  was  examined.  No  bacteria  were  alive  in  it.  The  sedi- 
ment was  found  to  be  black  oxide  of  manganese. 
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T-^BLES 


ANALYSES  OF  EFFLUENT  AND  OBSERVATIONS 


Filter  Tank  ]Sro.  4. 


1887. 


|l 
11 

<y 

II 

11 

Kksiduk  OS 
Evaporation. 

AUMOKIA. 

a 
1 

6 

KlTBOaSX  AS 

Tkmpes- 

ATCRE. 

Datr. 

1-" 

1 

1 

-< 

S 

J 

e 

S 
5 

>5 

35" 

36' 
36* 

o:/ 

31* 
34' 

-• 

i 

E 

19. 
20, 
21, 
22, 
23. 
JM, 
25, 
26, 
27, 
28, 
29, 
30, 
31, 

136 
136 
136 
136 
136 
272 
272 
272 
272 
272 
272 
272 
368 

107 
135 
166 
135 
118 
223 
249 
221 
245 
453 
266 
207 
253 

.80 
.85 
.90 
.85 
.85 

.40 
1.85 

3.05 
•2.20 
8.30 
8.30 
3.25 

8.75 
3.80 

1 

.0046 
.0048 
.0032 
.0028 
.0030 

.oo.->o 

.0072 

.0075 
.0076 
.0086 
.0062 
.0072 

.0080 
.0060 

.0121 
.0124 
.0118 
.0090 
.0102 

.0130 
.0132 

.25 

.20 
.22 
.24 
.23 

.29 
.63 

-  1 

.0400 
.0300 
.0180 
.0380 
.0350 

.0350 
.0590 

PrerontJ 
Preacnt.i 
Present.  1 
I*res«nt. 
l*Teflent. 

.      J 
1 

Pre»ent. , 

Xone.    i 

-     ;! 

" 

December  19.  —  First  sewage  applied ;  2  inches  of  snow  on  surface.  December  20. — I  inch.  Decem- 
ber 21, 23, 24  and  25.  -—  2  inches  of  snow  and  ice.  December  26. — 1 K  inches.  December  27.  —  IK  Inche* 
of  ice.    December  28.  —  1 V  inches.    December  30.  — 1«16  inch.    December  81.  —  U  inch. 

Total  clBaent  to  end  of  month,  2,778  gallon*. 
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Filter  Tank  No.  4  —  Continued. 
Smmamrr,  ISIM. 


i 

^1 

RK8IDCK  ON 

Evaporation 

AXMOXIA. 

] 

yrntOGKX  A8 

TrMI'XR- 
ATLUK. 

Datk. 

i 

(N 

< 

3 

1 

55 

y, 

&• 

1 

1. 

183 

417 

2.90 

5.40 

.0088 

.0068 

.0156 

2.01 

.0500 

Tr  ^oiLt 

34* 

_ 

2, 

445 

511 

- 

" 

- 

- 

- 

- 

- 

- 

35- 

- 

3. 

408 

368 

2.35* 

6.85 

.0086 

.0076 

.0162 

2.26 

.0300 

Prt'ftOTit. 

l38- 

- 

*. 

406 

8M 

- 

- 

- 

- 

- 

- 

- 

- 

38* 

. 

5, 

408 

839 

2.05 

8.25 

.0092 

.0106 

.0198 

2.98 

.0800 

Kutie. 

30* 

- 

«. 

408 

861 

- 

- 

- 

- 

- 

- 

1      . 

- 

!34- 

- 

7. 

408 

385 

- 

- 

- 

- 

- 

- 

- 

- 

So" 

- 

8. 

408 

sn 

2.00 

7.90 

.0060 

.0102 

.0102 

2.07 

.0600 

Pr-xiit. 

35" 

1 

- 

»» 

406 

342 

- 

- 

- 

- 

- 

- 

- 

- 

35* 

- 

10. 

408 

368 

1.05 

9.S0 

.0074 

.0066 

.0160 

2.76 

.0600 

Pr-H't. 

37* 

- 

11. 

408 

26S 

- 

- 

- 

- 

- 

- 

- 

- 

37* 

- 

12. 

235 

151 

2.00 

9.75 

.0058 

.0068 

.0146 

8.17 

.0400 

rr..,.nt 

38* 

- 

15, 

310 

222 

1.65 

9.95 

.0020 

.0088 

.0108 

8.14 

.0500 

J«)|.l'> 

40- 

- 

u. 

855 

301 

- 

- 

- 

- 

- 

- 

- 

- 

40* 

- 

15,         . 

800 

323 

1.90 

10.85 

.0058 

.0068 

.0146 

3.73 

.0650 

.I'O'V 

40* 

- 

18, 

300 

246 

2.80 

11.30 

.0058 

.0086 

.0144 

8.84 

.0500 

J■'^'U^ 

40* 

- 

17, 

220 

186 

2.45 

i:.60 

.0032 

.0104 

.0186 

3.80 

.0850 

Vi-:'-nt 

39* 

- 

18. 

192 

127 

- 

- 

- 

- 

- 

- 

- 

~ 

.39* 

- 

», 

120 

103 

- 

- 

- 

- 

- 

- 

- 

40- 

- 

20, 

85 

40 

2.30 

12.20 

.0038 

.0086 

.0124 

8.93 

.0260 

.*M„>1 

38* 

- 

21. 

30 

20 

- 

- 

- 

- 

- 

- 

- 

- 

39* 

- 

22. 

10 

7 

2.60 

12.90 

.0024 

.0114 

.0138 

3.84 

.0100 

rr.'.'irut. 

38* 

- 

23, 

150 

54 

2.20 

13.10 

.0036 

.0116 

.0158 

3.96 

.0350 

PfM-ut. 

39* 

- 

24, 

160 

90 

2.80 

12.50 

.0088 

.0092 

.0130 

- 

- 

- 

38* 

- 

25. 

150 

128 

2.80 

12.00 

.0048 

.0002 

.0140 

8.85 

.0250 

Xone. 

3S* 

- 

2«, 

150 

114 

- 

- 

- 

- 

- 

- 

- 

- 

37- 

- 

27. 

. 

150 

122 

2.00 

12.60 

.0070 

.0092 

.0162 

3.86 

.0200 

Prr^^'Tit. 

40* 

- 

28. 

150 

107 

- 

- 

- 

- 

- 

- 

- 

^ 

40- 

- 

2», 

150 

08 

1.70 

12.55 

.0078 

.0106 

.0184 

3.74 

.0180 

.i.ij'H 

40* 

- 

ao. 

150 

108 

1.70 

12.70 

.0080 

.0106 

.0186 

3.62 

.0200 

'ynj'a 

40* 

- 

81, 

150 

113 

1.70 

12.40 

.0110 

.0100 

.0210 

'•" 

.0150 

K"tuiu. 

40* 

86' 

January  l.—H  Inch  of  Ice  and  I  Inch  of  snow  on  surface;  January  6,  ^  inch  of  ice;  January  11, 
1  inch ;  January  12,  2  iochet;  January  14,  3  inches;  January  16  ami  17,  2}i  Inches;  January  25,  6  inches 
of  ioe  and  17  inches  of  frost.  January  23  to  28.  —  Sewage  applied  in  from  two  to  foar  holes  cat  through 
froat. 

Total  effluent  to  end  of  month,  9,639  gallons. 


Digitized  by 


Google 


322 


FILTRATION  OF  SEWAGE. 


Filler  Tank  No.  4  —  Continued. 


a 

11 

ij 
P 

Rksiduk  O.I 

EVAHOltATIOX. 

AXXOMIA. 

Chlorino. 

NlTKOGRX  AA 

Tkmpck- 

ATCCK. 

Datb. 

1 

1 

2 

< 

v: 

o 

?5 

1 

9. 

1, 

1 

1,        .       .        . 

160 

108 

1.40 

12.60 

.0112 

.0116 

.0228 

1 

.0180 

.OODl 

40- 

s<r 

2. 

150 

109 

- 

- 

- 

- 

- 

_ 

- 

1 

37- 

34P 

8, 

190 

99 

1.80 

11.40 

.0134 

.0112 

.0446 

3.12 

.0130 

.0001 

43- 

sr 

4. 

150 

96 

- 

- 

- 

- 

- 

- 

- 

~         i 

37- 

3T* 

5, 

63 

118 

1.50 

11.60 

.0130 

.0078 

.0208 

3.00 

.0180 

None.  1 

38- 

36" 

0, 

160 

100 

1.30 

11.60 

.0128 

.0076 

.0204 

2.95 

.0120 

.0001  ' 

8S- 

3<r 

7, 

150 

121 

1.20 

11.40 

.0120 

.0102 

.0222 

3.06 

.0000 

None. 

59- 

36* 

8. 

150 

104 

1.60 

11.10 

.0104 

.0080 

.0184 

2.98 

.0180 

rresent. 

.   "^ 

36* 

e> 

130 

111 

- 

- 

- 

- 

- 

- 

- 

- 

.    30- 

00* 

10, 

150 

124 

1.10 

10.60 

.0164 

.0004 

.0248 

2.80 

.0250 

None. 

88- 

- 

", 

150 

95 

- 

- 

- 

- 

- 

1 

- 

- 

8S- 

3«- 

12, 

150 

94 

1.60 

10.40 

.0194 

.0094 

.0288 

2.72 

.0250 

None. 

44- 

- 

38, 

150 

117 

1.30 

10.20 

.0234 

.0114 

.0348 

2.70 

.0250 

None. 

44* 

- 

14, 

120 

111 

1.00 

10.20 

.0266 

.0108 

.0374 

2.62 

.0150 

Present. 

44- 

ST* 

16. 

150 

01 

1.30 

9.80 

.0314 

.0116 

.0430 

2.62 

.0150 

Present. 

44* 

S6* 

16, 

150 

84 

- 

- 

- 

- 

- 

- 

- 

44- 

36- 

17, 

100 

60 

1.30 

10.10 

.0872 

.0186 

.0508 

2.62 

.0160 

None. 

6S* 

3«* 

18, 

150 

67 

- 

- 

- 

- 

- 

-    1 

- 

- 

6«- 

- 

19> 

150 

110 

- 

- 

- 

- 

-     ! 

- 

- 

- 

54- 

- 

», 

198 

114 

1.80 

9.60 

.0340 

.0180 

.0470 

2.68 

.0200 

None. 

44* 

ST* 

21. 

160 

108 

1.60 

9.60 

.0348 

.0132 

.0480  1 

2.67 

.6160 

Present. 

46- 

sr 

22, 

150 

127 

1.20 

9.80 

.0348 

.0182 

.0480  1 

2.62 

.0150 

Present 

54* 

37* 

23, 

ISO 

206 

- 

- 

- 

- 

- 

- 

- 

-      V 

5&- 

3«- 

2*. 

150 

213 

1.20 

9.80 

.0340 

.0152 

.0492 

2.68 

.0100 

None. 

56* 

- 

36, 

ISO 

199 

- 

- 

- 

- 

- 

- 

- 

- 

56* 

3r 

26. 

150 

229 

- 

- 

- 

- 

- 

- 

- 

62* 

aer 

27. 

160 

157 

1.40 

9.60 

.0544 

.0176 

.0720 

2.46 

.0080 

Present. 

44- 

3<r 

28, 

150 

116 

1.30 

0.70 

.0540 

.0152 

.0692' 

2.62 

.0150 

Present. 

67- 

30* 

29, 

150 

128 

- 

- 

- 

- 

- 

- 

- 

63* 

;            I 

3C 

February  3.  — 8  inches  of  water  in  holes  through  frost  when  sewage  was  applied;  February  4,  12 
inches;  February  6, 16  inches;  February  9, 10  inches.  February  6.  — Five  holes  In  surface  through  24 
inches  of  frost  and  9  inches  of  ice.  February  7.  —One  new  hole  cut  through  24  inches  of  frost.  Feb- 
ruary 15.  —  Water  removed  from  holes.  February  17.  —  Trench  cut  18  inches  from  edge  of  Unk  through 
loo  and  2  inches  of  sand.  February  18.  —  Ice  all  removed  from  surface.  Fobruary  19.  —  2  inches  of  ice 
and  water  removed .    February  20.  —  2^  inches.    February  24.  —  Boiling  water  applied  to  thaw  f root. 

Total  effluent  to  end  of  month,  13,050  gallons. 
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Filter  Tank  No.  '^—Continued. 

Mmreh.  18SS. 


i, . 

Si 

KBSIDOB  OH 
EVAPOSATIOX. 

Ammokia. 

j 

NITBOOBV  AS 

|i 

Tbmpbk- 

ATDKK. 

I>ATK. 

'1 
1- 

18 

IS 

1 

i^ 

< 

1 

2 

1 

1 

^ 

1. 

150 

12T 

« 

. 

.     . 

. 

. 

- 

. 

. 

- 

60- 

86* 

2, 

150 

122 

1.50 

0.30 

.0628 

.0184 

.0812 

2.36 

.0180 

.0002 

68» 

- 

». 

150 

150, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

68- 

86* 

4. 

150 

129  ' 

- 

- 

- 

- 

- 

- 

- 

- 

6r 

9F 

»• 

150 

133 

2.10 

8.60 

.0736 

.0178 

.0014 

2.20 

.0100 

.0002 

- 

64» 

36- 

«. 

150 

110  1 

- 

- 

- 

- 

^ 

- 

- 

- 

- 

or 

36* 

T. 

150 

120 

2.10 

8.30 

.1200 

.0186 

.1386 

2.22 

.0180 

.0003 

- 

65» 

38* 

«. 

150 

134  j 

- 

- 

- 

- 

- 

- 

- 

- 

- 

48- 

- 

». 

150 

158 

2.40 

8.00 

.1600 

.0214 

.1814 

2.16 

.0200 

.0003 

- 

62» 

8e» 

10. 

500 

23 

- 

- 

- 

- 

- 

- 

- 

- 

- 

46- 

- 

11. 

300 

106 

- 

- 

- 

- 

- 

- 

- 

- 

- 

65- 

sr 

12, 

150 

151 

1.50 

0.40 

.1520 

.0220 

.1740 

2.22 

.0200 

.0008 

- 

To* 

36» 

13, 

150 

100 

- 

- 

- 

- 

- 

- 

- 

- 

- 

71- 

85» 

14. 

500 

150 

- 

- 

- 

- 

- 

- 

- 

- 

- 

65» 

s«r 

15. 

500 

303 

- 

- 

- 

- 

- 

- 

- 

- 

24  h. 

tsr 

85* 

1«, 

500 

6U 

2.40 

7.90 

.2400 

.0230 

.2630 

2.00 

.0150 

.0003 

12h.+ 

6r 

35* 

17. 

»» 

780 

- 

- 

- 

- 

- 

- 

- 

- 

- 

73- 

35- 

18. 

500 

509 

- 

- 

- 

- 

- 

- 

- 

- 

- 

71- 

36r 

19. 

500 

304 

2.50 

8.60 

.3550 

.0370 

.3020 

2.62 

.0160 

.0006 

- 

Mr 

85* 

». 

600 

650 

- 

- 

- 

- 

- 

- 

- 

- 

70- 

SO- 

21. 

500 

480 

2.70 

10.50 

.4000 

.0360 

.4360 

2.00 

.0100 

.0004 

- 

6r 

sr 

22. 

503 

008 

- 

- 

- 

- 

- 

- 

- 

«    ~ 

81i. 

66" 

- 

23. 

- 

82 

2.00 

0.90 

.3000 

.0300 

.3300 

2.82 

.0000 

.0003 

- 

- 

38* 

24. 

150 

126 

- 

- 

- 

- 

- 

- 

- 

- 

2b.64m 

60* 

36- 

25. 

150 

136 

- 

- 

- 

- 

- 

- 

-. 

- 

67  m. 

60» 

38» 

2«,       -   . 

150 

160 

8.10 

10.60 

.4000 

.0280 

.4260 

2.80 

.0100 

.0006 

lli.20m. 

1 

u* 

36* 

2T. 

150 

267 

- 

- 

- 

- 

- 

- 

- 

- 

111.26  mJ 

1 

62- 

37* 

2». 

150 

220 

2.30 

9.10 

.4750 

.0360 

.5110 

2.76 

.0080 

.0004 

lh.37iD. 

j 

62* 

zr 

29, 

150 

ISO 

- 

- 

- 

- 

- 

- 

- 

- 

111.36  m. 

61* 

zr 

30. 

150 

141 

1.80 

10.10 

.4250 

.0300 

.4550 

2.30 

.0180 

.0004 

Ih  8m. 

53* 

sr 

SI, 

150 

140 

- 

- 

- 

- 

- 

- 

- 

- 

63* 

zr 

Efflaent  colorle«w  and  generally  clear,  or  nearly  so,  and  with  very  slight  or  no  sediment. 

Uarcb  11.  —  Snow  and  water  all  removed  from  surface.    March  15.  —  Two  inches  of  water  removed. 

Total  effluent  to  end  of  month,  20,726  gallons. 
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Filter  Tank  No.  4  —  Continued. 

AprU.  ISSS. 


1^1 

Rbsiddb  ox 

EVAPOBATIOX. 

AMHONfA. 

, 

NlTROOlEK  AS 

li 

Tkvpbr. 

ATUa*. 

Datb. 

1^ 

i 

1 

a 

3 

1 

'A 

1 

1 

•1 

1,    . 

2, 

8.    . 

4.    . 

5, 

6. 

7, 

8.  . 

9,  . 

10,  . 
11, 

12,    . 
18,    . 

11,  . 
15. 

16, 

IT, 

18,    . 

19. 

SO.    . 

21,  . 

22.  . 
23. 

24.    . 

23, 

26. 

27.  . 

28.  . 

29.  . 
80.    . 

150 
150 
150 
150- 
150 
150 
150 

150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
309 

150 
150 
130 
150 
150 
800 

1 

145 

1 
304 

161 

1 
148 

192 

227 

154 
223 
145 
135 
147 
149 
123 
136 
151 
137 
143 
260 

64 
121 
134 
140 
130 
140 
260 

26 

2.30 
2.50 
2.00 
1.70 

2.60 

2.40 

2.60 

1.60 

1.90 

2.30 

M 
1.50 

3.10 

3.60 

9.20 
8.60 
9.10 
8.80 

8.00 

9.40 

8.10 

9.20 
0.20 
8.50 

8.00 
8.80 
8.60 

.4400 
.4000 
.3800 
.4000 

.3050 

.3820 
.4000 

.3200 

.3830 
.4300 

.4500 
.5000 
.4700 

.0310 
.0370 
.0430 
.0500 

.0380 

.0180 

.0310 

.0370 
.0390 
.0270 

.0350 
.0320 
.0310 

.4710 
.4370 
.4230 
.4500 

.4330 

.3500 

.4310 

.3570 
.4240 
.4570 

.4850 
.5320 
.6010 

2.20 
1.86 
1.94 
2.00 

2.25 

2.05 

2.15 

1 
2.13 

-! 

2.28 

1 

-  1 

2.44 

■  1 
2.76 

.  i 
2.79 

2.77 

.0180 
.0100 
.0200 
.0200 

.0180 

.0500 

.0300 

.0400 
.0100 
.0500 

.0500 
.0450 
.0500 

.0003 
.0003 
.0004 
.0004 

.0004 

.0014 

.0005 

.0003 
.0005 
.0006 

.0008 
.0005 
.0008 

65  m. 

lb.  8  m. 
1b.5m. 
lb.  11m. 

Ib.Ilm. 
2b.38m. 

2b.  8m. 

4b.4Sm. 
lb.43m. 

3h.&4m. 

41- 

1  ^' 
42" 

46- 
45* 

45* 

46* 
43* 
42* 
45* 
45* 
42" 
45* 
45* 
42- 
43* 
44* 

42* 
4? 
42" 
46* 
44* 
46" 

sr 
ar 

37 
87 
37 

ay 
sr 

38* 

38- 
58* 
38* 

ssr 

40- 
4^ 

40* 
40* 
40* 
40* 

47 

47 
42' 
42* 

*r 

Effluent  oolorleM.  from  very  ellghtly  to  dlntlnotly  turbid,  and  with  very  llttlo  sediment.  Organffioi 
▼islblo  to  naked  eye  In  Baroplos  throughoat  the  montb. 

April  7. 5.20  ▲.X.,  to  10.  8.11  A.x.  —  Outlet  closed.  River  bigh.  April  30.  5.12  a.x. — Oatlet  closed. 
River  high. 

Total  efflaent  to  end  of  month,  24,905  gallons. 
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FiUer  Tank  No.  4— Continaed. 

■■jr.  IMS. 


tl 

s  « 

V 

Rbsidob  ox 
Evaporation. 

AXXONIA. 

J 

KiTBOOBW  AB 

|g 

TSMPICB- 
▲TURK. 

Date. 

ii 

c 

1 

< 

1 

8 

1 

1 

i 
S 

I,  . 
2. 

3. 
4» 

5.         . 
«. 
7, 
8, 
», 
10,         . 

II.  . 
12,         . 

la,      . 

14.  . 

15,  . 
1«,         . 
17, 

19,         . 

19.  . 

20.  . 

21.  . 

22.  . 
23. 

24,        . 
25. 
28. 
27, 

28,  . 

29,  . 

30,  . 
31. 

160 
800 

150 
150 
150 
150 
150 
800 

150 
150 
300 

150 
150 
150 
150 
150 
800 

150 
150 
150 
150 

126 
874 
41 
104 
187 
212 
180 
160 
485 

208 
137 
230 
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Effiumit  colorleM,  from  dlBttnctly  to  very  slightly  tarbid.  and  with  little  sediment.    OrgiiDtoms  vMble 
to  naked  eye  in  samples  tbroaghouc  the  month. 

lUy  4.' 7.52  A.M.  —  Outlet  opened.    May  13.  4.41  a.x..  to  17,  7.42  A.X.  —  Outlet  closed.    River  high. 
Totol  effluent  to  end  of  month,  28,689  gallons. 
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FiUer  Tank  No.  4— Continued. 
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Generally  very  nearly  clear  and  free  from  sodlment.  and  with  color  from  0  to  0.1.  —  OrgaoiamiTWU* 
to  naked  eye  In  samples  throughout  the  month. 
Total  effluent  to  end  of  month,  81,740  gallons. 
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Filter  Tank  No.  4  —  Continued. 
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Generally  clear  or  nearly  bo  and  with  verj'  alight  or  no  sediment  and  with  color  averaging  0.12. 
July  11, 18, 21  and  2o.  — OrgnnUms  vlalble  to  naked  cyo  In  Bamplos.    Jnly  20.  — 190  gallons  of  water 
siphoned  from  surface.    July  28.  —  First  100  gallons  applied  disappeared  in  1  hoar  7  minutes. 
Total  ifElaent  to  end  of  month,  83,200  gailoos. 
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Filter  Tank  No  4  —  Continued. 
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EfflucDt  from  slightly  to  dlntiDCtly  turbid,  generally  witb  very  little  sediment  and  wtlh  an  avenge 
color  of  0.96  probably  dae  to  iron. 

Augnst  1.  IS  and  22.  —  Organisms  visible  io  naked  eye  in  samples.  After  Angust  1  residue  on  evspo- 
ration  obtained  with  sodium  carbonate.  August  14,  15  and  16.  —  Sfwage  applied,  nearly  all  disappeared 
in  from  6  to  7  hours.    August  25.  —  First  100  gallons  applied  disappeared  In  1  hour  57  minates. 

ToUl  effluent  to  end  of  month,  86.346  gnllons. 
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Filter  Tank  No.  4—  Continued. 
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Efflaent  decidedly  tarbid,  generally  with  little  Bodiment,  and  with  an  average  color  of  1.24,  probably 
dne  to  Iron. 

Sqiterober  IH.  — 125  gnllone  of  water  siphoned  from  surface.  September  22.  —  80  gallons.  Septom. 
ber  26.  — 85  gallons.    Rain-water  on  surface  from  the  morning  of  September  21  to  4.6  p.m.  September  22. 

Total  effluent  to  end  of  month,  39,234  gallons. 
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FUter  Tank  No.  4—  Continued. 

Oetofcer,  18SS. 


8, 


10, 
11. 
12, 
13, 
14, 
15, 
16, 
17. 
18, 
19, 
20, 
«1, 
M, 
23, 
24, 
26. 
26, 
27, 
28, 
20, 
30. 
31, 


200 


200 


200 


200 


200 


200 


200 


200 


200 


200 


>.3 


3S 


170 

98 

100 

84 

100 

101 

106 

204 

06 

143 

30 

162 

65 

21 

68 

77 

77 

109 

182 

73 

15 

125 

41 

126 

126 

105 

106 

69 

54 

49 

69 


8.60 


6.80 


4.40 


2.80 


3.40 


3.10 


4.20 


3.50 


28.00 


28.00 


21.80 


22.60 


21.20 


20.90 


18.70 


19.10 


19.00 


ASMo^dA. 


i 


.3700 


.3300 


.2400 


.3200 


.1600 


.2800 


.2200 


^0 


.0400 


.0450 


.0470 


.0410 


.0290 


.0180 


.0210 


.0250 


.4190 


.4450 


.3no 


.2810 


.3560 


.1780 


.3010 


.2450 


8.35 


6.90 


6.78 


6.34 


5.67 


5.31 


NlTKOOBM  AS 


3 
I 


.1250 


.0770 


.1200 


.1100 


.1300 


.1500 


.1860 


.1900 


.0014 


.0006 


.0014 


.0014 


.0010 


.0014 


.0014 


s 
Is 

|5 

I" 


8h. 


27  h. 


21  h.  66m. 


12  h. + 


12  h. + 


361I.+ 


36h.+ 
36h.  + 


12h.+ 


ATL'KK. 


63*        63* 


63*     61' 


63* 


52* 


24  h. 
24  h. 
24  h. 


61* 
60* 


49* 


48* 


49* 


43* 


59- 
bT 
59* 
59* 

or 
5r 


sr 

68* 
Sfl* 
55- 
56* 
56* 


56* 
56* 
54* 
64* 

54* 


Effluent  generally  decidedly  turbid  and  with  little  Bediment  and  with  a  color  averaging  0.77,  probably 
due  to  iron. 

October  17.  — Manganese  in  Bamplee.  October  18.  —  Sample  taken  through  a  glass  tube  showed  that 
iron  In  samples  does  not  come  from  ontlet  pipe.  October  8.  — 30  {gallons  siphoned  from  surfsoe. 
October  18.  —  85  ifalions.    Some  water  left  each  day.    October  24.  —  Rain-water  on  surface. 

Total  eiBuent  to  end  of  month,  42,163  gallons. 
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Filter  Tank  No.  4  —  Continued. 
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Effinent  from  tltghtly  to  difltinctly  tnrbid  and  with  llttlo  sediment  and  with  color  averaging  1.10. 
probably  dne  to  iron. 

November  12.  — 1*16  inch  of  ice  on  sarface ;  November  13,  >^  inch ;  November  22,  ^  Inch  in  spots ; 
November  23,  a  few  spots;  November  24,  }i  inch.  November  12.  — 110  gallons  water  siphoned  from 
sarfaee.  Borne  left.  November  16. — 40  gallons  siphoned  o£F.  November  22.  — Boards  laid  on  loosely 
over  tank.    November  29,  9.10  a.m.,  to  November  30,  8.18  a.m.  —  Oatlet  closed.    River  high. 

Total  efBoent  to  end  of  month,  44.437  gallons. 
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EIHticnt  gcDcrally  vury  nearly  clear  and  very  nearly  free  from  aedlment,  with  color  averBging  tes* 
than  0.2. 

December  5.  —  Boards  over  tank  removed  and  canvas  put  on.  Doceraber  7.  —  Ice  in  epotn  on  MirfaM; 
December  15,  Mi  inch.  December  19.  —  ,^  inch  of  frost;  December  21,  2  inches.  DeeembM  21,8^1 
P.M.,  to  Deci-mber  21,  7.48  a.m.  —  Outlet  closed.    River  high. 

ToUl  effluent  to  end  of  month,  46,069  gallons. 
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Bfflaent  generally  very  nearly  clear  and  free  from  sediment  and  with  color  averaging  leas  than  0.1. 
January  22, 1  inrh  of  frost  in  Unk;  January  26,  2  inches;  Janoary  29,  None. 
Total  efBaent  to  end  of  month,  47,927  gallons. 
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Effluent  generally  colorleee,  nearly  clear  and  with  very  slight  sediment. 

February  2. 1  iuch  of  frost  in  tanic ;  February  5, 2  inches ;  February  7. 3^^  inches ;  Febmsry  0. 1  ineh; 
February  20,  8)^  inches;  February  2 >,  4  ^i  inches.  —  Surface  covered  more  or  less  with  a  coating  of  this 
ice  for  about  one*half  of  the  days  of  the  month. 

Total  cfflaent  to  end  of  month,  40.401  gallons. 
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30- 

28. 

- 

68 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

41* 

29.        . 

160 

78 

- 

- 

- 

- 

- 

- 

- 

- 

Ih. 

41* 

40* 

M,        . 

- 

67 

1.9 

15.6 

.0036 

.0112 

.0148 

3.10 

.4700 

.0002 

- 

- 

41* 

81. 

- 

21 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Effluent  generally  clear  and  with  very  slight  sediment  and  with  color  Icm  than  O.l. 

March  1,  4, 6, 9  and  ll.~  A  llttio  ice  on  aurfaco.  March  4.  —  No  froat  In  one-half  of  tank.  Froat  in 
other  half  from  ^i  Inch  to  8  Inches  below  surface  to  a  depth  of  from  4  Inches  to  7  inches.  March  13.  — 
Canvas  cover  removed  from'  tank. 

Total  effluent  to  end  of  month,  61,679  gallons. 
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FilUr  Tank  No.  4  —  Continued. 
A»lU.  laM. 


1. 

si 

I' 

^1 
It 

1    BBfllDrR  ON 
EVAPOHATIOM. 

AlCXOXIA. 

1 

KiTBOOKV  AS 

,    Tempkr- 

ATCEE. 

Datb. 

i 

1 

1 

i' 

1 

P, 

1 

*J 

1. 

150 

140 

1    . 
1 

_ 

_ 

. 

« 

« 

- 

_ 

lh.27m. 

41*     39- 

2,         . 

- 

121 

1 
1    ~ 

- 

- 

- 

- 

- 

- 

- 

- 

-    '  40* 

1 

3.         . 

150 

119 

8.1 

15.8 

.0028 

.0110 

.0138 

3.23 

.6000 

.0002 

Ih.SOm. 

40"     40- 

4.         . 

- 

61 

- 

- 

- 

- 

- 

- 

- 

- 

- 

-    1  41* 

6.         . 

150 

97 

- 

- 

- 

- 

- 

- 

- 

- 

lh.55m. 

41*     40* 

6, 

- 

63 

0.6 

17.4 

.0042 

.0098 

.0140 

8.24 

.5506 

.0003 

- 

-     1   41" 

! 

7, 

- 

21 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1 

8. 

150 

71 

- 

- 

- 

- 

- 

- 

- 

- 

lh.27m. 

44*     41* 

1 

». 

- 

53 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1 

10, 

150 

79 

1.7 

17.3 

.0014 

.0104 

.0118 

3.17 

.6000 

.0002 

lb.23m. 

46-    4r 

IX. 

- 

55 

- 

- 

- 

~ 

- 

- 

- 

- 

- 

-    .  45' 

12, 

150 

ti 

- 

- 

- 

- 

- 

- 

- 

- 

4«'!  4? 
1 

13, 

- 

55 

1.1 

19.0 

.0012 

.0114 

.0126 

8.18 

.5500 

.0002 

- 

-    '«• 

14, 

- 

18 

- 

- 

- 

- 

- 

- 

- 

- 

- 

-        - 

15, 

150 

65 

- 

- 

- 

- 

- 

- 

•    - 

- 

lh.25m. 

AT   nr 

16.         . 

- 

45 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

4r 

17, 

150 

85 

- 

- 

- 

- 

- 

- 

- 

- 

58  m. 

4r 

43* 

1«. 

- 

77 

- 

- 

- 

- 

- 

- 

' 

- 

- 

- 

45* 

19. 

150 

97 

- 

- 

- 

- 

- 

- 

- 

- 

2h.30m. 

50* 

46* 

20, 

- 

54 

0.9 

19.4 

.0014 

.0109 

.0122 

3.34 

.5000 

.0001 

- 

- 

49* 

21. 

- 

22 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

22. 

150 

59 

- 

- 

- 

- 

- 

- 

- 

- 

48  m. 

53* 

48- 

23.         . 

- 

41 

- 

- 

- 

- 

- 

- 

- 

- 

- 

-       48" 

2t.         . 

150 

77 

- 

- 

- 

- 

- 

- 

- 

- 

lb.6m. 

51-     48- 

25.         . 

- 

41 

- 

- 

- 

- 

- 

- 

- 

- 

- 

-       50* 

26, 

150 

168 

- 

- 

- 

- 

- 

- 

- 

- 

- 

54-     48- 

27.         . 

- 

173 

2.2 

20.4 

.013S 

.0112 

.0250 

4.44 

.9000 

.0008 

- 

- 

4T 

2S, 

- 

49 

- 

- 

i 

- 

- 

- 

- 

- 

- 

- 

- 

29> 

150 

TO 

- 

- 

- 

- 

- 

- 

- 

- 

66* 

48-     . 

30.         . 

- 

50 

- 

- 

- 

- 

- 

- 

- 

' 

- 

51* 

Bfflnent  generally  elear  and  with  very  slight  sodiment  and  with  color  0  or  ieu  than  0.1. 
Total  effluent  to  end  of  month.  53.809  gallooa. 
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Filter  Tank  No.  ^—Continued. 

■my.  1M«. 


1 

s   .   1 

II; 

1^' 

Kksidcb  05 
Evaporation. 

i 

Ninooxir  ab 

Tkmpkb* 

▲TURK. 

DATS. 

j! 

i 

i 

>4 

"i 

1 

5«5 

1 

1 

I 

1. 

s. 
4, 

6. 
«• 
7. 
«. 

10. 

Il- 
ia, 

13. 
14. 
15. 
1«, 
17. 
18, 

20. 
21. 
22. 
23, 
24, 
23. 
2«, 
27, 
28, 
2», 

ao. 

150 
150 

150 
150 
150 

150 
160 
150 

160 
150 
160 

150 
160 
160 

70 
43 
77 
60 
11  1 
58  ' 
30 
71  1 
41  ! 
74 

67 

1 
14 

«| 

49 
79 

»i 

"I 
163, 

200 

133 

43 

76 

41 

26 
126 

: 

1 
1.7 

1.6 

1 

- 

i  - 
1 

1 

1      " 

1      - 

1 

3.6 

19.8 
21.4 

- 
- 

21.2 

S2.S 

- 

- 

22.6 

.0012 

i      - 

!   - 

'   .0012 

i      - 

1 

.0004 

i  .0020 

1      " 

1      - 
1      - 

1      " 
1  .0004 

- 

.0102 
.0100 

.0106 

.0118 

.0116 

1 
.0114 

.0112 
.0110 
.0138 
.0120 

8.60 
8.98 

4.12 

4.17 

4.07 

'    1 
1 

.8000 
1.0000 

- 
.6000 

1.0000 

1.0000 

.0001 
.0002 

.0001 

.0000 

.0000 

2h. 
Ih.l7in. 

51m. 
Ih.l8m. 
48  m. 

36  m. 
3h.llm. 
46  m. 

63  m. 

Ih.Om. 
68  m. 
lh.llm. 

52- 
63* 

66- 

58- 
62* 

64- 
65* 

66* 

68- 
67- 
65- 

61* 
61- 

or 

49* 
62* 
49* 
51- 

62* 
53» 
62* 
67* 
68* 
54* 

64* 
56* 
54* 
57* 
67- 
62* 

66' 
66* 
67* 
bB* 
58- 
60* 

bV 
W 

sr 

69* 
50* 

E£Baent  colorless,  generally  clear,  and  with  very  little  or  no  sediment. 
May  22. — Thick  grass  in  spots  covering  about  one-half  of  snriaoe. 
Total  efflaent  to  end  of  month,  65,901  gallons. 
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Filter  Ta/ik  No.  4— Continued. 


m 

II 

Evaporation. 

AmoirxA. 

j 

NITBOOBK  AB 

i   Tkhpbk- 

Datb. 

i 

1 

1 

|t 

1 

00 

1 

2 

1 

1 

1, 

_ 

87 

1.6      24.2 

.0018 

.01S2 

.0160 

4.47 

1.2000 

.0000 

- 

1 

1 

ar 

2.         . 

- 

112 

- 

- 

- 

- 

r 

- 

- 

- 

- 

- 

3, 

160 

128 

- 

- 

- 

- 

- 

- 

- 

- 

4h.51m. 

66- 

59- 

4, 

- 

88 

- 

- 

- 

- 

- 

- 

- 

- 

- 

-       50» 

5, 

160 

127 

2.1 

23.2 

.0018 

.0182 

.0160 

4.50 

1.2000 

.0001 

- 

66*     59* 

6, 

- 

45 

- 

- 

- 

- 

- 

- 

- 

- 

- 

!    -    1  61" 

T,         . 

150 

73 

- 

- 

- 

- 

- 

- 

- 

- 

1  h.  6  m. 

66*,  60* 

8, 

- 

88 

2.4 

23.1 

.0020 

.0140 

.0160 

.4.86 

1.1000 

.0001 

- 

'    -       61* 

0. 

- 

10 

- 

- 

- 

- 

- 

- 

- 

- 

1    '        - 

10,        . 

160 

92 

- 

- 

- 

- 

- 

- 

- 

38  m. 

er    fl2» 

11,         . 

- 

41 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1  - 

er 

12. 

160 

89 

- 

- 

- 

- 

- 

- 

- 

- 

68  m. 

'   69" 

61* 

13,         . 

- 

81 

- 

- 

- 

- 

- 

- 

- 

- 

- 

-    '66- 

14,         . 

150 

64 

- 

- 

- 

- 

- 

- 

- 

- 

- 

67'     71- 

16,         . 

- 

38 

2.4 

22.1 

.0014 

.0140 

.0154 

4.31 

.8000 

.0000 

- 

1    -       68- 

18, 

- 

6 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

IT,         . 

150 

76 

- 

- 

- 

- 

- 

- 

- 

33  m. 

72*     63- 

18,         . 

- 

24 

- 

- 

- 

- 

- 

- 

- 

- 

- 

-   !«• 

19,         . 

150 

82 

2.2 

22.4 

.0018 

.0164 

.0172 

4.34 

.6000 

.0001 

40  m. 

70*     62- 

20,         . 

- 

24 

- 

- 

- 

- 

- 

- 

- 

- 

-     er 

21. 

160 

75 

- 

- 

- 

■ 

- 

- 

- 

- 

36  m. 

71*  ,  64- 

22. 

- 

30 

- 

- 

.0018 

.0150 

.0168 

4.22 

.6500 

.0000  ] 

- 

-  1  sr 

23. 

- 

6 

- 

- 

- 

- 

- 

- 

-    . 

.        1 

-     - 

24, 

150 

77 

- 

- 

- 

- 

- 

- 

- 

1 

12  m. 

89- 1  er 

25. 

- 

35 

- 

- 

- 

- 

- 

-    ^ 

- 

"    1 

- 

-      66* 

1 

26.         . 

150 

lOS 

2.4 

21.3 

.0012 

.0154 

.0166 

4.22 ; 

.4500 

.0000 

10m. 

8»'     65* 

27,         . 

- 

36 

- 

- 

- 

- 

- 

-    , 

- 

- 

-    1  68- 

28.         . 

150 

124 

- 

- 

- 

- 

- 

- 

1 

"    I 

- 

71-  1  65* 

29,         . 

- 

79 

2.6 

21.6 

.0060 

.0172 

.0232 

i  4.33 

.6000 

.0002 

- 

-       65- 

80.         . 

- 

13 

' 

- 

- 

- 

- 

- 

- 

-  1 

- 

' 

Efflneot  generally  colorless,  and  clear,  or  nearly  so,  and  Tvith  very  slight  sediment. 

Jane  24.  —  Weeds  and  grass  removed  from  surface.  Surface  of  outer  ring  of  coarse  sand  removed 
and  replaced  by  fresh  sand.  Surface  left  3  inches  below  that  of  rest  of  tank.  Sewage  to  be  applied 
only  to  ring.    Total  elfiuent  to  end  of  month,  57,702  gallons. 
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Filter  Tat^  No.  4— Continued. 


Ii 

Rbsiditb  on 
evaporatiox. 

Amkomia. 

i 
1 

6 

KnriooKv  AB 

i 

Tkmpbr- 

ATDBK. 

DATS. 

i 

i 

.1 

il 

1 

§ 

1 

k 

1 

I.  . 

3,    . 
4. 

s,   . 

«, 

8,    . 

10.    - 

II.  . 

12.  . 

13,  . 

u.   . 

15,    . 

18.  . 
17, 

IS,   . 

19.  . 

20.  . 

21.  . 
22, 

23.  . 

24.  . 

25.  . 
2«.    . 

27.  . 

28.  . 

29.  . 

30.  . 

31.  . 

160 
160 
150 

150 
ISO 
150 

150 
150 

160 

150 
150 
150 

150 
150 

82 

88 
148 

89 
100 

30 
0 

89 

81 
113 

83 
106 

84 

10 
161 

48 
161 

43 
110 
290 

42 
112 

60 
185 

36 

03 
126 

56 
105 

60 
100 

8.7 

4.6 
4.8 

3.2 
3.2 

2.1 
4.5 

4.8 

20.0 

20.4 
19.5 

19.6 
21.6 

21.9 

w 

21.6 
22.4 

.0010 

.0152 
.0010 

.0264 
.0270 

.0082 
.0080 

.0032 

.0168 

.0104 
.0188 

.0190 
.0204 

.0102 
.0168 

.0146 

.0178 

.0846 
.0198 

.0454 
.0474 

.0224 
.0108  1 

.0178 

1 

1 
"   1 

4.37' 

'  1 
1 

_ 

4.45 

4.62 
5.87 

5.64 

- ! 

5.56  1 

-  1 
5.65 

.4500 

.3500 
.4000 

.3500 
.8500 

.4000 
.4500 

.3600 

.0000 

.0007 
.0000 

.0008 

.0000 
.0000 

1 

1 
1 

.0002 

9  m. 
11m. 

16  m. 

10  m. 
11m. 

13  m. 

78- 
73* 

74- 
72* 
72* 

73" 

72* 
72- 

72* 

72- 

'  70- 

60* 
71* 

78- 
68* 
66* 

ffr 

67* 
67* 

6r 

66* 
60* 
71* 

66* 

6r 

66* 

68* 

6r 

66* 

67* 
67- 

ee- 

60- 
09- 
67- 

73* 
71* 
70* 

Ef&aeDt  clear  or  slightly  milky,  with  very  little  or  no  sediment  and  with  color  from  0  to  0.2. 
TotA  afllnent  to  end  of  month,  60.409  gallons. 
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Filter  Tank  No.  4—  Cpntinued. 


1 

1" 

1'" 

EVAPORATIOM. 

AXMOVIA. 

1- 

XmooBir  AS 

!      ATTU. 

Datb. 

ii 

1 

i 

aI 

1 

i 

1 

1 

1         1 

1.     . 

2.         . 
8,         . 
4,         . 
6.         . 

6.  . 

7.  . 

8.  . 
»,        . 

10, 

11,  . 

12.  . 
18, 

14. 

16,        . 

16, 

17. 

18, 

M.         . 

20,  . 

21,  . 

22,  . 
28,         . 
24,         . 

26,  . 
M,         . 

27,  . 

28,  . 
2». 

80.  . 

81,  . 

160 

150 
160 
160 

160 
160 
150 

160 

160 
150 

160 
160 
800 

^^\ 

194 

48 

17 

89 

19 

82 

24 

96 

25 
4 

76 

26 
242 

67 
101 

29 
9 

80 

29 

97 

22 

84 

24 
9 

76 

24 

86 

27 
208 

41 

2.2 
2.0 

20.0 
21.0 

.0010 
.0006 
.0008 
.0014 

.0102 
.0182 
.0182 
.0170 

.0172 
.0188 
.0190 
.0184 

4.76 
4.62 
4.22 
4.40 

.6000 
.4600 
.8800 
.8700 

.0000 
.0000 
.0000 

.0001 

17  m. 
16  m. 
16  m. 

72- 

70" 
70- 

70* 

1 
i    _ 

70- 
69* 

6r 

68- 

68* 

- 
70- 

69- 

69* 

70- 
70* 
71* 

'  69' 
70* 
69* 
TO* 
70- 
71* 

6S' 
69* 

69* 
67 
69- 

6r 

fsr 
esr 
vr 

71* 
69* 
60* 

68* 

6r 

68- 

er 

69" 

Bffloent  clear  and  free  from  sediment,  and  generally  colorleee. 

AnguBt  12.  — Outlet  closed  from  6.6  a.m.  to  1.67  p.m.,  on  account  of  leak  in  measnrlDg  Uaiin. 

Total  effluent  to  end  of  month,  62,481  gallons. 
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Filter  Tank  No.  '^  —  Continaed. 

■«ptra>her,  ISS*. 


1 

1 

II 

i 

RX8IDUB  ON 

Evaporation. 

AMMOmA. 

1 

3flTBOO«ll 
A8 

P 

TufPUt- 

ATDXX. 

DATS. 

i 

c 

1 

< 

1 

1 

1 

1 

•M 

1,  . 

2,  . 
8. 

4. 

5,         . 

«. 
7, 

8,         . 
»,         . 
10.        . 
11, 

12,  . 

13,  . 

14,  . 

15,  . 
18.         . 
17, 

18.         . 

»,        . 

20, 

21, 

22, 

23.        . 

24. 

25,        . 

28,        . 

27.  . 

28.  . 
28,        . 
30.        . 

900 
300 
800 

aoo 

300 
800 

300 
300 
300 

800 
300 
300 

300 

8 
901 

44 
2U 

85 
214 

65 

14 
108 

64 
223 

48 
224 

m, 

"1 

60 
260  , 

■»l 

280 
70 

102 

60 
206 

67 
226 

60 

18 
«0 

8.0 

20.4 

.0106 

.0000 

.0106 
.0048 

.0170 

.0102 

.0182 
.0124 

.0276 

.0282 

.0238 
.0172 

4.48  1 
i 
6.10 

6.06 
6.60 

.4000 

.3600 

.6000 
.6000 

.0003 

.0006 

.0006 
.0004 

30  m. 
43  m. 

46  m. 

71* 
71* 

ir 

IT 
68- 

66- 

68- 
68* 
66* 

60' 
68* 
60- 

68* 

68* 
60* 
60* 
60* 
60* 
60* 

68- 

68» 

6r 

68- 
68* 

68* 

68* 
60* 

68* 
68* 
68* 
88* 

66* 
66* 

68* 
88* 
66* 
62* 

66* 

Effluent  dear  and  eolorlese  and  free  from  sediment. 
Total  effluent  to  end  of  month,  66,286  gallons. 
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FILTRATION  OF  SEWAGE. 

Filler  Tank  No,  4  —  Continued. 

Oetober,  1999. 


i 

15 

it 

RESmUB  ON 

Evaporation. 

1           Akhokia. 

6 

B 

NmtOGKK 

AS 

ATUXX 

Datb. 

e 

i 

'  1 

is 
< 

§ 

S 

i 

i 
§ 

1. 
2. 
8. 
4, 

6,       .. 

7, 
8> 
0,        . 

10.  . 

11.  . 

12.  . 
18.         . 
14.         . 
16.         . 
16.         . 
IT,         . 
18,         . 

w.      . 

20.  . 

21.  . 

22.  . 

23.  . 
28.         . 

24.  . 

26.  . 

28.  . 

27,  . 
28. 

29,  . 
80. 

81.        . 

300 
300 

300 
300 
300 

300 
300 
300 

300 
300 

300 

800 
300 

80 
224 

71 
208 

64 

24 
307 

81 
204 

73 
208 

82 

97 
227 

73 
199 

70 
198 

81 

24 
213 

76 
206 

76 
200 

73 

43 
249 
131 
241 

78 

* 

- 

.0042 
.0026 

.0010 

.0006 
.0020 
.0008 

.0008 

.0160 
.0114 

.0128 

.0094 
.0098 
.0110 

.0092 

.0192 
.0140 

.0138 

.0100 
.0118 
.0118 

.0100 

4.72 
4.79 

6.07 

4.90 
4.76 
4.90 

4.44 

.4800 
.6300 

.8600 

.7300 

1.0000 

.8000 

.9600 

.0002 
.0002 

.0001 

.0001 
.0002 
.0000 

.0006 

lh.29m. 

Sh.Slm. 
2h.l6m. 

6( 
65 

6J 
6S 
6( 

41 

4fl 

4 

r 

r 

r 

r 

6r 

6f 

60* 

f 

Effluent  clear,  with  very  slight  or  no  ■ediment  and  generally  colorleM. 
October  26.  —  Orass  cut  from  one-half  of  surface. 
Total  effluent  to  end  of  month,  70,466  gallons. 
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TREIfCHES   IN   THE    FIELD. 


The  trenches,  in  the  field  adjoining  the  filter  tanks,  are  in  the 
same  kind  of  material  as  that  in  Tank  No.  4 ;  and,  since  they  were 
filled  with  coarse  sand,  and  the  sewage  was  applied  only  to  this  sand, 
the  filtration  has  been  under  the  same  general  conditions  as  in  Tank  No. 
4  since  the  sewage  was  applied  to  its  trench  onl}',  —  in  June,  1889. 

These  trenches  are  described  in  the  introductory  chapter,  and  are 
shown  upon  the  plan  of  the  works.  City  water  was  applied  to 
trenches  1  and  2,  5  and  6,  and  7  aqd  8,  in  the  winter  of  1887-88,  to 
see  if,  at  the  temperature  at  which  it  came  in  the  pipes,  —  which  was 
from  three  to  five  degrees  above  freezing,  —  it  would  keep  the 
trenches  from  freezing  when  applied  on  alternate  nights.  The 
result  varied  with  the  amount  of  sand  in  the  trench.  Nos.  1  and 
2  received  about  1,600  gallons  on  each  of  seven  nights  in  December, 
when  it  was  found  that,  although  the  coarse  sand  was  not  frozen,  the 
river  silt  around  and  below  the  coarse  sand  was  frozen,  and  the 
application  of  water  was  discontinued;  but,  in  trenches  Nos.  5  and 
6  and  Nos.  7  and  8,  it  was  continued  through  the  extremely  cold 
winter.  On  these  trenches  2,400  gallons  were  applied  every  other 
night  to  each  couple,  from  December,  1887,  till  May  24,  1888.  It 
was  applied  continuously  from  9  p.  m.  till  5  a.  m.,  until  the  latter 
part  of  February ;  after  which  it  was  applied  from  4  p.  m.  to  8  a.  m. 

During  the  extremely  cold  month  of  January  the  mean  tempera- 
ture of  the  water  applied  was  36°,  and  in  February  was  35°.  This 
is  nearly  ten  degrees  colder  than  sewage  would  be,  flowing  out  from 
a  separate  system  of  sewerage ;  and  yet  the  trenches  were  open  enough 
to  receive  and  convey  under  the  surface  all  that  was  put  on.  It  is, 
however,  to  be  noted  that  this  amount  of  water  followed,  at  times, 
the  whole  length  of  the  trenches,  which  averaged  193  feet  each.  It 
generally  disappeared  before  reaching  the  lower  end  ;  and,  through 
the  very  cold  weather,  the  length  shortened  up  more  and  more,  until 
the  water  entered  the  river  silt  through  the  sand  entirely  in  the  upper 
fifty  or  seventy-five  feet  in  length  of  the  trench. 
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This  proved  that  1,200  gallons  of  water,  at  the  temperature  of 
35°  or  36°,  put  upon  a  trench  of  the  character  of  these,  every  other 
night  through  a  January  colder  than  we  had  had  for  twenty  years,  will 
be  conveyed  into  and  distributed  through  a  field  of  river  silt  at  about 
the  rate  of  80,000  gallons  to  an  acre  per  day  ;  from  which  we  may 
conclude  that  sewage  with  its  temperature  eight  or  ten  degrees 
higher  would,  under  like  circumstances,  be  capable  of  keeping  open, 
in  the  winter  months,  a  trench  filled  with  coarse  sand  through  a 
greater  length  from  its  source,  and  be  distributed  at  the  rate  that 
would  be  desirable  for  filtration  through  fine  river  silt. 

Sewage  applied  to  the  Trenches. 

In  the  latter  part  of  May,  1888,  sewage  was  first  applied  to  these 
.four  trenches,  and  has  been  continued  till  November,  1889.  The 
quantity  applied  to  each  couple  was  500  gallons  a  day,  on  week  days, 
until  Aug.  1,  1888;  since  which  time  the  daily  quantity  applied  to 
Nos.  5  and  6  has  been  1,000  gallons,  —  500  gallons  in  half  an  hour, 
about  9  A.  M.,  and  500  gallons  at  about  4  p.  m.  ;  and  the  amount 
applied  to  Nos.  7  and  8  has  been  1,500  gallons,  applied  about  9.30 
A.  M.,  2  p.  M.  and  4.30  p.  m.,  500  gallons  at  a  time.  The  stream  is 
divided  soon  after  it  leaves  the  hose,  one-half  going  into  one  trench 
and  one-half  into  the  other. 

The  length  of  each  of  these  trenches  is  about  200  feet,  and  the 
distance  along  the  surface  which  the  sewage  would  flow  depended  on 
the  amount  of  sediment  upon  the  surface.  The  amount  of  sediment 
varied  with  the  wetness  of  the  season,  with  the  completeness  of  nitri- 
fication, and  with  the  time  that  had  elapsed  after  the  surface  was 
cleaned.  The  trenches  were  enlarged  in  the  lower  fifty  feet  of  their 
length,  so  that  the  amount  applied  at  one  time  could  accumulate 
there ;  but,  if  this  had  not  all  disappeared  m  the  long  interval 
between  applications,  it  became  necessary  to  clean  the  trenches, 
which  was  done  by  scraping  off  one-quarter  inch  in  depth  of  sand 
and  sediment  from  the  surface  of  the  sand  filled  into  the  trench. 
This  surface  was  one  foot  wide,  level  across.  These  cleanings  of  the 
surface  were  made  once  a  month  in  the  fall  of  1888,  once  in  two 
months  through  the  winter  and  early  spring,  and  once  in  four  and 
five  months  in  the  following  warm  weather.  In  the  latter  two  periods 
a  covering  of  boards  was  over  the  trenches. 

After  a  cleaning,  the  time  before  an  application  of  sewage  of  500 
gallons  reached  the  lower  end  was  from  about  one  month  to  three 
months. 
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The  nnderdrains,  which  cross  under  these  trenches  four  feet  below 
the  surface,  have  not,  except  on  rare  occasions,  conveyed  any  liquid 
to  their  outlets.  The  liquid  from  the  trenches  has  passed  by  them 
down  to  the  water  table,  several  feet  below,  the  distance  depending 
upon  the  height  of  water  in  the  Merrimack  River  adjoining  the  field. 

Finding  that  no  liquid  from  the  sewage  appeared  at  the  outlet  of 
the  underdrains,  two  wells  were  dug,  one,  marked  upon  the  plan 
of  the  Station  Well  No.  1,  opposite  the  easterly  underdrain,  and 
one,  marked  Well  No.  2,  opposite  the  middle  underdrain,  between 
their  outlets  and  the  river.  These  wells  were  dug  in  the  latter  part 
of  August,  1888  ;  since  which  time  samples  have  been  taken,  three 
or  four  times  a  month,  and  analyzed  to  determine  the  degree  of 
purification  of  the  sewage,  and  the  cl^racter  of  the  efiluent  going 
to  the  river. 

Unfortunately,  the  river  rises  and  falls  so  much  that  water  is 
sometimes  flowing  from  the  river  into  the  land,  and  at  other  times 
from  the  land  towards  the  river.  In  the  ordinary  height  of  water 
of  the  river,  water  flows  into  the  land,  raising  the  water  table,  dur- 
ing the  forenoon,  when  the  river  is  rising  from  the  pouring  in  of 
water  from  the  factory  wheels ;  and  at  night,  after  the  factory  wheels 
stop,  the  river  falls  a  foot  or  more,  and  water  flows  from  the  land 
towards  the  river.  To  obtain  the  sample  with  the  most  direct  flow 
from  the  sewage,  water  was  pumped  out  of  the  well  to  the  depth  of  a 
foot,  late  in  the  afternoon  ;  soon  after  which  the  wheels  stopped,  and 
the  river  fell  and  kept  down  all  night,  and  the  sample  was  pumped 
from  the  well  in  the  morning,  before  the  river  began  to  rise. 

As  sewage  had  been  applied  to  the  trenches  for  three  months 
before  the  wells  were  dug,  we  have  no  analyses  of  samples  of  the 
ground  water  previous  to  the  passage  of  sewage,  nor  have  we  any 
means  of  determining  accurately  how  much  soluble  constituents  of 
the  ground  affect  the  eflluent ;  but,  as  the  fixed  residue  of  water 
from  Well  No.  2  is  from  two  to  four  times  the  fixed  residue  from 
Well  No.  1,  and  as  the  difference  is  found  to  consist  largely  of  salts 
of  lime,  there  is  no  doubt  that  the  effluent  reaching  Well  No.  2 
passes  through  a  deposit  of  lime,  —  very  likely  a  mass  of  old  mortar 
that  has  at  some  time  been  dumped  there  on  the  bank  of  the  river, 
and  covered  by  deposits  of  silt  at  times  of  freshets.  Other  refuse 
material  may  have  been  dumped  there ;  but,  if  so,  we  have  no 
means  of  determining  its  effect. 

The  uncertainty  of  material  and  of  the  character  of  ground  water 
flowing  out  with  the  filtered  sewage,  and  the  uncertainty  of  the 
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amount  of  river  water  flowing  back  and  forth  through  the  sand, 
render  the  results  obtained  here  much  less  exact  and  reliable  than 
those  obtained  from  the  river  silt  of  Tank  No.  4. 

The  uncertainty  in  regard  to  the  amount  of  river  and  of  ground 
water  in  the  effluent  analyzed  is  partially  overcome  by  determining 
the  amount  of  chlorine  in  the  effluent.  If  the  effluent  were  all  from 
sewage,  the  chlorine  would  equal  that  of  the  sewage,  which,  in  the 
last  four  months  of  1888,  averaged  6.58  parts ;  while,  if  the  effluent 
were  all  from  river  water,  it  would  be  about  0.24  parts. 

The  results  of  analyses  of  the  effluent  obtained  from  each  of  the 
wells  are  given  in  tables  at  the  end  of  this  section,  together  with 
diagrams  showing  the  sum  of  ammonias  and  the  chlorine  in  each, 
and  the  relative  height  of  the  river  and  of  the  water  in  each  well  at 
the  time  of  taking  the. sample.  The  diagrams  also  give  the  distance 
from  the  upper  end  of  each  trench  to  which  the  sewage  flowed  before 
disappearing. 

Taking  a  general  view,  we  see  that  in  Well  No.  1  the  chlorine 
indicated,  for  nearly  two  months,  that  only  three  per  cent,  of  the 
effluent  was  from  sewage.  This  may  be  accounted  for  by  the  fact 
that  in  this  time  the  river  rose  seven  feet,  and,  while  rising,  its 
water  was  flowing  into  the  sand,  carrying  some  of  the  effluent  from 
sewage  away  from  the  well ;  and,  as  the  sample  of  effluent  was 
pumped  from  a  well  containing  a  depth  of  five  or  six  feet  of  w^ater, 
it  was  mixed  to  some  degree  with  this  water. 

After  the  river,  in  the  latter  part  of  January,  1389,  fell  three  or 
four  feet,  the  chlorine  of  the  effluent  became  nearly  the  same  as 
that  of  the  ^sewage,  indicating  that  nearly  all  of  the  effluent  was 
then  from  sewage.  In  the  following  six  months  the  chlorine  of 
Well  No.  1  followed  nearly  that  of  the  sewage ;  from  which  we  may 
regard  the  effluent  as  filtered  sewage.  There  is,  however,  one  con- 
dition that  may  aSect  erroneously  the  result.  The  well  which  for  a 
year  or  more  had  been  receiving  effluent  from  sewage  filtration,  and 
had  contained  at  times  six  feet  in  depth  of  water,  probably  received 
some  organic  material  which  settled  to  the  bottom  of  the  well  and 
remained  there  ;  so  that,  when  the  river  fell,  and  there  remained  but 
a  few  inches  of  water  in  the  well,  it  inay  be  that  when  this*was 
pumped  out  some  of  this  deposited  organic  matter  entered  the 
sample  that  made  the  whole  amount  greater  than  the  organic  matter 
in  the  present  effluent  from  sewage  filtration.  If  these  conditions 
affect  the  results,  as  supposed,  we  are  likely  to  get  the  true  condi- 
tion of  the  effluent  by  samples  taken  when  the  chlorine  is  like  that 
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of  the  sewage  and  the  river  is  gradually  falling  through  its  lower 
stages  or  is  stationary,  but  not  at  its  lowest  stage. 

The  monthly  averages  of  analyses  of  samples  taken  from  the 
wells  are  given  in  the  following  tables ;  which  contain  also  the  gen- 
eral character  of  the  sewage  applied  to  the  trenches,  and  the  per- 
centage of  the  chlorine  and  ammonias  of  the*  latter  in  the  wells. 
The  results  of  chemical  analysis  are,  in  all  cases,  expressed  in  parts 
per  100,000. 

Monthly  Averages  of  Analyses  of  Sewage^  and  of  Samples  from  Well  No.  1, 


Datx. 


isas. 

Aug.  a-Sepu  7, 
September, 

Bept.  S-Oct.  5, 
October,  . 


Get.  e-29. . 
November, 


Oct.  SO-Nov.  23, 
December, 

Nov.  24-Dec.  21, 
January,  , 

Dec.  22-Jan.  17, 
Pebraary, 

Jan.  1«-Feb.  22. 
March,     .       . 


Feb.  2S-Har.  28, 
April,      .       . 

Mar.29-Apr.27. 
May,        .       . 

Apt.2B-May22, 
Jooe, 


May28-July4, 

July  &-Jtily  29, 
Aagut,   . 


Sewage,  . 
Well  No.  1, 
Per  cent., 

Sewage,  . 
WeUNo.l, 
Per  cent., 

Sewage,  . 
Well  No.  1, 
Per  cent., 

Sewage, . 
WeUNo.l, 
Per  cent., 


Sewage, . 
Well  No.  1, 
Per  cent., 

Sewage,  . 
Well  No.  1, 
Per  cent.. 

Sewage,  . 
WeUNo.l, 
Per  cent., 

Sewave, . 
Well  No.  1, 
Per  cent.. 

Sewage, . 
Well  No.  1, 
Per  cent., 

Sewage, . 
WeUNo.l, 
Per  cent., 

Sewage, . 
WeU  No.  1, 
Per  cent., 

Sewage, . 
WeUNo.l, 
Per  cent., 

Bewage, . 
WeUNo.l, 
Per  cent.. 


HKSinnK  ov 

EVAPOBATION. 


cl 


77.97 
3.82 


2«.U 
2.64 


18.80 
1.05 


18.36 
2.27 


14.19 
1.40 


13.62 
1.12 


9.06 
.80 


13.43 
1.63 


12.86 
1.90 


15.33 
1.10 


23.05 
3.60 


22.60 
2.60 


26.98 


i 

U4 


85.14 
18.12 


44.73 
16.66 


28.84 
13.97 


28.06 
27.13 


31.46 
9.04 


26.22 
13.96 


19.85 
17.15 


23.70 
16.83 


16.80 


24.20 
19.10 


29.69 
23.80 


30.85 
26.30 


84.75 


2.8156 
.0308 
1.1 

1.8979 
.0065 
.3ofl 


.0061 
.3ofl 

1.9950 
.0137 
.7ofl 


I  1.1330 
.0011 
.lofl 

!  1.2160 
.0132 
1.1 


1.0269 
.0210 
2.0 

1.5429 

.0130 
.8ofl 

1.9362 
.0440 
2.8 

1.9645 
.0600 
3.1 

2.3160 

0.460 

2.0 

2.4400 

.3387 
14 

1.8800 
.0060 
.3ofl 


I" 


1.9874 
.0210 
1.1 

.6735 
.0172 
2.6 

.4360 
.0116 
2.7 

.4450 
.0177 


.2870 
.0101 
8.5 

.3390 
.0107 
3Ji 

.2475 
.0005 
3.8 


.0118 
3.0 


.4360 
.0240 


.4246 
.0210 


.5537 
.0120 
2.2 

.6227 
.0456 


.7833 
.0180 
2.3 


4.8030 
.0518 
1.1 

2.6714 
.0237 
.9ofl 

2.7260 
.0177 
.6ofl 

2.4400 
.0314 
1.3 


1.4200 
.0112 
.8on 

1.6550 
.0239 
1.5 

1.2744 
.0306 
2.4 

1.9437 
.0248 
1.3 

2.3731 
.0680 
2.9 

2.3891 
.0810 
3.4 

2.8687 
.0680 
2.0 

3.0627 
.3843 
18 

2.6638 
.0240 
.9ofl 


8.58 
.37 

4 

7.82 

8 

6.00 
2.71 
64 

4.93 
2.16 
44 


4.40 
1.19 
27 

4.52 
3.62 
78 

8.70 
3.78 
102 

4.48 
3.33 
74 

5.35 
3.95 
74 

4.53 
4.36 
96 

4.98 
5.29 
106 

5.56 
6.44 
116 

4.73 
5.29 
112 


NlTBOOKN  AS 


.422 


.802 


.184 


.010 
.297 


.011 
.142 


.020 
.085 


.027 
.150 


.012 
.410 


.007 
.600 


.002 
.700 


.000 
1.200 


.000 
.287 


.001 
.190 


S 


.0000 
.0072 


.0000 
.0146 


.0000 
.0016 


.0000 
.0011 


.0000 
.0005 


.0004 
.0006 


.0086 
.0006 


.0122 
.0014 


.0010 
.0014 


.0000 
.0020 


.0000 
.0024 


.0000 
.0610 


.0002 
.0030 


Digitized  by 


Google 


348 


FILTRATION  OF  SEWAGE. 


Monthly  Averages  of  Analyses  of  Sewage^  and  of  Samples  from  Well  No.  2. 


Datb. 


June  21- Aug.  7, 
August,    . 


Aug.  8-Sepi.  7, 
September, 


Sept.  8-Oot.  5, . 
October,   . 


Oct.  6-29, . 
November, 


Oct.  80-Noy.  23, 
December, 

18S0. 

Nov.24-Dec.21, 
January,  . 


Dec.  22-Jan.  17, 
February, 


Jan.  18-Feb.  22, 
March, 


Feb.  23-Mar.  28, 
April, 


Mar.  29-Apr.  27, 
May,         .       . 


Apr.  28-May  22, 
June, 


May  23-July  4, 
July, 


July  5-29, 
August,    . 


Sept.  14-Oct.  14, 
October,  . 


Sewage,  . 
WellNo.  2, 
Per  cent., 

Sevage,  . 
Well  No.  2, 
Per  cent., 

Sewage,  . 
Well  No.  2, 
Per  cent.. 

Sewage, . 
Well  No,  2, 
Per  cent.. 

Sewage,  . 
Well  No.  2, 
Per  cent., 


Sewage,  . 
Well  No.  2, 
Per  cent.. 

Sewage, . 
Well  No.  2, 
Per  cent.. 

Sewage,  . 
WellNo.  2, 
Per  cent.. 

Sewage,  . 
Well  No.  2, 
Per  cent.. 

Sewage, . 
Well  No.  2, 
Per  cent.. 

Sewage, . 
Well  No.  2, 
Per  cent.. 

Sewage,  . 
Well  No.  2, 
Per  cent.. 

Sewage,  . 
Well  No.  2, 
Per  cent., 

Sewage,  . 
Well  No.  2. 
Per  cent.. 


RK8IDUB  OK 
EVAPOKATION. 


28.88 
4.67 


77.97 
4.97 


26.11 
3.33 


18.80 
1.82 


18.36 
2.27 


14.19 
1.22 


13.62 
1.67 


9.06 
8.30 


18.43 
1.30 


12.86 
2.&0 


15.33 
3.60 


23.05 
4.40 


22.69 
8.80 


26.98 


I 


29.66 
20.67 


85.14 
35.50 


44.73 
35.57 


28.84 
53.03 


28.96 
46.67 


31.46 
30.96 


26.22 
49.25 


19.85 
39.20 


28.70 
38.50 


25.69 
41.20 


24.20 
42.30 


2^.59 
38.20 


80.85 
58.20 


84.75 


2.1160 
.0829 
8.9 

2.8166 
.0555 
2.0 

1.8979 
.0093 
.5oa 

2.2890 
.0443 
1.9 

1.9950 
.0473 
2.4 


1.1330 
.0162 
1.4 

1.2160 
.0575 
4.7 

1.0269 
.0350 
8.4 

1.5429 
.0247 
1.6 

1.9362 
.0320 
1.7 

1.9645 
.0560 
2.9 

2. 3150 
.0720 
3.1 

2.4400 
.0273 
1.1 

1.8800 
.0258 
1.4 


.6800 
.0499 


1.9874 
.0805 
1.5 

.6785 


.4800 
.0248 


.4450 
.0837 


.2870 


.3300 
.0275 


.2475 
.0105 


.8908 
.0173 


.4360 
.0310 


.4246 
.0330 


.5537 
.0240 


.6227 
.0235 
3.8 

.7833 
.0284 
8.6 


2.6960 

.1328  ' 
5 

4.8080 
.0800 
1.8 

2.5714 
.0205 
1.1 

2.7260 
.0691 
2.5 

2.4400 
.0610 
8.3 


1.4200 
.0325 
2.8 

1.6550 
.0850 
5 

1.2744 
.0455 
3.6 

1.0437 
.0420 
2.2 

2.3731 
.0630 
2.7 

2.3R91 
.OSVO 
3.7 

2.8687 
.0960 
8.3 

3.0627 
.0508 
1.7 

2.6633 
.0542 
2.0 


Nmoocr  aj 


6.42 
1.80  I 


8..'>8 
.99 
12 

7.82 
8.43 
44 

5.00 
5.49 
110 

4.93 
4.25 
86 


4.40 
2.80 
64 

4.52 
4.54 
100 

8.70 
8.23 
87 

4.48 
8.53 
79 

6.35 
8.90 


4.58 
3.85 
85 

4.98 
3.67 
74 

5.56  ' 
4.95 


4.73 
6.12 
108 


i 
1 

>5 

i 

1 

95 

§1. 

.0002 
.0002 

.027 

i   - 

.0000 

.001)1 

i   - 
.125 

.0000 

.ooss 

1 

.  .060 

1   - 

.0000 
.OOTd 

.010 
.023 

.0000 
.0000 

1   - 
1 

'  .011 
.027 

.0000 

.0002 

- 

- 

.020 
.024 

.0004 
.0001 

- 

- 

,  .027 
1  .070 

.0066 
.0000 

- 

'^■^ 

.0122 
.0037 

1  .020 

- 

.0010 
.0000 

■ 

1  .002 
'   .020 

.0000 
.0000 

.000 
'  .000 

- 

.0000 
.0006 

.000 
.007 


.001 
.010 


.0000 

.ouoo 


.0002 
.0000 


Turning  to  the  results  from  Well  No.  1,  we  find  the  chlorine 
indicates  that  in  the  first  two  months  sewage  efiluent  formed  only 
about  three  per  cent,  of  the  sample,  and  that  it  did  not  attain  to  75 
per  cent,  of  the  sample  until  February,  since  which  time,  through  the 
seven  months,  it  has  averaged  95  per  cent. 
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We  may  then  throw  out  all  the  results  before  March  1,  1889,  as 
containing  too  much  ground  water  from  other  sources  to  indicate 
the  degree  of  purification  of  sewage  by  filtration  ;  and,  upon  exam- 
ining the  conditions  attending  the  exceptionally  high  ammonias  of 
August,  we  find  they  were  obtained  when  the  water  in  the  well  was 
but  a  few  inches  deep  and  was  probably  contaminated  by  deposit 
therein.  There  was  but  one  observation  in  October,  1889  ;  hence  this 
may  be  discarded  in  taking  the  average  of  months.  We  have  remain- 
ing five  months,  March  to  July,  in  which  the  chlorine  indicates  the  sam- 
ples to  be  about  90  per  cent,  from  sewage,  and  the  chemical  condition 
is  quite  constant,  giving  the  following  average  result  of  analyses  :  — 

Partaper 
100,000. 

Free  ammonia,  ....        0.0368,  or  2  per  cent,  of  that  in  the  sewage. 

0.0157,  or  8.8  per  cent,  of  that  in  the  sewage. 
0.0525,  or  2.4  per  cent,  of  that  in  the  sewage. 
4. 14,     or  90  per  cent,  of  that  in  the  sewage. 
0.6120. 
0.0015. 


Albuminoid  ammonia, 
Sum  of  ammonias. 
Chlorine,     . 
Nitrates, 
Nitrites, 


During  these  five  months  the  nitrates  increased  from  0.150  parts 
to  1.200  parts,  averaging  0.612  parts  ;  and  the  ammonias  indicated 
that  97.6  per  cent,  of  the  nitrogenous  organic  matter  was  removed 
from  the  sewage* 

The  chlorine  of  samples  from  Well  No.  2  is  equal  to  that  of 
the  sewage  in  November,  1888 ;  and  in  the  following  months  the 
chlorine  approaches  that  of  the  sewage,  except  in  January,  1889, 
which,  if  omitted,  leaves  the  average  chlorine  for  the  year,  from 
November,  1888,  to  October,  1889,  89  per  cent,  of  that  of  the 
sewage. 

The  monthly  averages  of  free  ammonia  vary  from  0.0247  parts  to 
0.0720  parts,  and  from  1.1  per  cent,  to  4.7  per  cent,  of  that  of  the 
sewage.  The  albuminoid  ammonia  varies  from  0.0150  parts  to 
0.0337  parts,  and  from  3.6  per  cent,  to  8  per  cent,  of  that  of  the 
sewage. 

The  nitrates  vary  from  0.000  to  0.353,  and  average  0.0587  parts. 
With  these  low  nitrates  the  fixed  residue  has  averaged  45.17  parts, 
which  is  71  per  cent,  more  than  the  fixed  residue  of  the  sewage,  — 
showing  that  this  effluent,  in  flowing  through  the  sand,  has  come  in 
contact  with  mineral  matter  which  it  has  dissolved.  By  chemical, 
analysis  this  mineral  matter  is  found  to  be  mostly  lime. 
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The  average  of  the  monthly  averages  of  analyses  of  effluent  taken 
from  Well  No.  2,  from  November,  1888,  to  October,  1889,  omitting 
January,  is  as  follows  :  — 


Free  ammonia,   . 
Albuminoid  ammonia. 
Sum  of  ammonias, 
Chlorine,    . 
Nitrates, 
Nitrites, 


Parts  per 
100,000. 

0.0422,  or  2.2  per  cent,  of  that  in  the  sewage. 
0.0254,  or  5.4  per  cent,  of  that  in  the  sewage. 
0.0676,  or  2.9  per  cent,  of  thai  in  the  sewage. 
4.25,  or  89  x>er  cent,  of  that  in  the  sewage. 
0.0687. 
0.0013. 


This  average  of  the  analyses  shows  that,  for  ten  months  in  the 
second  year  of  filtration,  there  was  97  per  cent,  less  organic  matter, 
as  shown  by  the  ammonias,  in  the  effluent  than  in  the  sewage. 

The  effluent  from  the  sewage  applied  to  the  trenches  in  the  field, 
found  in  the  wells,  though  containing  but  three  per  cent,  of  the 
impurity  of  the  sewage,  is  not  so  well  purified  by  nitrification  as 
the  effluent  from  a  trench  in  similar  material  in  Tank  No,  4,  where 
less  than  one  per  cent,  of  the  impurity  remains.  This  may  be  due 
to  the  fact  that  the  material  in  the  field  is  not  underdrained.  It  is 
very  fine  sand,  resting  in  water,  which  keeps  a  greater  portion  of 
the  depth,  down  to  which  water  would  stand  in  the  well,  more  com- 
pletely saturated  than  in  Tank  No.  4,  which  is  completely  under- 
drained  ;  and  thus  renders  this  material  in  the  field  more  nearly  in 
the  condition  of  No.  4  in  the  first  year,  when  it  was  kept  too  wet  to 
nitrify  satisfactorily. 

Distribution  of  the  Sewage  through  the  Ground. 

The  quantity  of  land,  through  which  filters  the  sewage  applied  to 
the  trenches,  varies  with  the  condition  of  the  surface  of  the  trenches, 
and  this  depends  upon  the  frequency  of  cleaning  them. 

After  the  wells  were  dug  and  samples  were  obtained,  the  surfaces 
of  the  trenches  were  for  a  time  cleaned  once  a  month,  by  removing 
one-quarter  inch  in  depth  of  sand  and  sediment ;  but  from  the  first  of 
November  to  the  middle  of  April,  1889,  they  were  cleaned  but  once 
in  two  months.  After  this  nothing  was  removed  from  the  surface  of 
No.  7  and  No.  8  until  the  second  week  in  August,  and  from  No.  5  and 
No.  6  until  a  month  later,  —  periods  of  about  four  months  and  five 
months  respectively. 
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After  Nov.  20,  1888,  and  nearly  all  of  the  time  since  the  ef&uent 
from  either  of  the  wells  showed  by  its  chlorine  that  it  was  princi- 
pally from  sewage,  the  four  trenches  have  been  covered  with  boards. 
The  boards  were  put  on  in  the  winter  to  keep  snow  out  of  the 
trenches,  and  they  were  kept  on  through  one  summer  to  show  the 
effect  of  keeping  the  surface  of  trenches  away  from  the  direct  action 
of  sun  and  wind. 

Immediately  after  the  trenches  have  been  cleaned  by  the  removal 
of  one-quarter  inch  of  sand  and  sediment  from  the  surface,  there 
are  a  few  days  in  which  the  250  gallons  applied  in  half  an  hour  to 
No.  7  or  No.  8  disappear  before  running  more  than  fifty  feet  along 
the  trench ;  in  which  case  the  rate  of  application  is  about  130,000 
gallons  to  the  acre  per  day.  From  this  condition,  and  in  about  ten 
days,  the  area  is  increased  and  the  rate  reduced  to  about  60,000 
gallons  to  an  acre  per  day ;  and  up  to  this  time,  after  the  cleaning, 
it  would  appear  that  most  of  the  efiluent  would  pass  near  Well 
No.  1,  and  only  a  small  part  of  it  near  to  Well  No.  2.  As  the 
upper  part  of  the  trenches  became  more  clogged  by  deposit  on  the 
surface,  the  sewage  would  extend  along  a  greater  length,  until  it 
reached  the  lower  end,  when  the  sewage  from  No.  7  or  8  would  be 
distributed  at  the  rate  of  about  33,000  gallons  per  acre,  and  that 
from  No.  5  or  6  at  the  rate  of  about  22,000  gallons  per  acre ;  and 
in  the  whole  field  the  distribution  would  be  at  about  the  rate  of 
28,000  gallons  per  acre  per  day. 

As  the  trenches  became  more  clogged,  more  sewage  accumulated 
in  the  lower  ends  nearer  Well  No.  2 ;  and  perhaps  for  a  short 
time,  before  cleaning  the  trenches,  the  distribution  from  the  lower 
part  of  the  trenches  amounted  to  a  rate  of  100,000  gallons  an  acre 
per  day.  The  lower  ends  and' the  upper  ends  of  the  trenches, 
which  have  at  times  to  filter  so  large  an  amount,  have  their  periods 
of  rest,  before  or  after  the  cleaning  of  the  trenches,  by  which  the 
actual  amount  of  purification  required  of  any  section  in  a  year  is 
nearly  equalized. 

This  method  of  applying  sewage  to  a  filtering  field  of  very 
fine  sand  by  means  of  narrow  trenches  filled  with  coarse  sand, 
though  tried  here  under  very  unfavorable  circumstances,  has  given 
satisfactory  results,  and  bids  fair  to  be  a  means  of  utilizing 
areas  for    filtration   with  good   results,  that   otherwise  would   be 
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The  advantages  of  this  method  of  application  are  the  following : 
if  sewage  were  applied  over  the  whole  surface  of  such  a  field,  the 
very  fine  particles  of  sand  would  be  taken  up  by  the  sewage  as  it 
moved  along,  and  be  deposited  in  the  interstices,  to  such  an  extent 
as  to  soon  choke  up  the  surface ;  and  in  winter  the  layers  of  such 
material  near  the  surface,  being  continually  nearly  saturated,  would 
freeze  so  readily  as  to  allow  but  little  sewage  to  pass  into  them. 

By  making  the  trenches  say  one  foot  wide  and  two  feet  deep  and 
five  feet  apart,  and  filling  them  nearly  full  with  coarse  sand,  this 
sand  will  readily  receive  the  sewage  and  take  it  below  the  surface. 
The  area  of  the  surface  of  fine  material  on  the  sides  and  bottom  of 
the  trench  is  equal  to  the  whole  area  of  the  surface  of  fine  material 
in  the  field ;  but  the  sewage  comes  to  the  area  in  the  sides  and 
bottom  of  the  trench  freed  from  its  own  sediment  by  straining 
through  the  coarse  sand ;  and  comes  to  the  fine  material  without 
motion  over  its  surface  by  which  its  finest  particles  can  be  taken  up 
and  deposited  in  its  interstices.  The  underground  surface  of  fine 
material  thus  remains  permanently  open  to  receive  sewage,  and  the 
surface  of  the  coarse  sand  that  occasionally  will  require  to  be 
renewed  is  limited  to  one-fifth  of  the  area  of  the  whole  field.  The 
sewage  also  is  required  to  keep  but  one-fifth  of  the  surface  of  the 
field  free  from  frost ;  and  the  small  area  to  which  the  sewage  is 
applied  can,  when  necessary,  be  effectually  protected  from  snow  by 
boards,  covering  about  one-third  of  the  area  of  the  field. 

This  may  be  the  best  method  of  arranging  filtering  areas  in  this 
climate.  With  it  many  areas  on  sloping  land  can  be  utilized  with- 
out the  expense  of  levelling  the  surface*  The  field  here  used  has  a 
slope  of  about  one  foot  in  ten ;  the  trenches  are  carried  in  such 
a  direction  that  they  slope  from  one  in  fifty  to  one  in  a  hundred. 

Fields  covered  with  soil  having  a  coarse  sand  or  gravel  beneath 
can  thus  be  provided  with  trenches  cut  through  the  poorer  filtering 
material  near  the  surface,  and  often  made  very  efficient  filtering 
areas,  with  little  expense  for  levelling  and  none  for  underdrains. 
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Chemical  Jnalt/ses  of  Water  from  Well  No.  1. 


h 

KeSlDlTK  OH 
EVAPORATIU2I. 

Ammonia.. 

1 

NlTKOOBN  A8 

1 

DATm. 

i 

1 

1 

1 

1 

< 

1 

1 
1 

?4 

!  1- 

1AS8. 

1 

Sept.    4, 

2.500 

- 

5.50 

12.30  1 

.0720 

.0190 

.0910 

0.80 

.0300 

.0000 

6.18 

n. 

2,500 

.30 

3.30 

10.00  ' 

.0200 

.0190 

.0390 

.25 

.0150 

.0000 

'     6.73 

18, 

2,500 

.00 

2.60 

12.70  ' 

.0410 

.0090 

.0500 

.23 

.0150 

.0000 

5.30 

25, 

2,500 

.00 

4.40 

28.00  ' 

.0050 

.0270 

.0320 

.39 

1.0000 

.0040 

1  10.97 

23, 

2.500 

.00 

3.30 

27.60 

.0160 

.0310 

.0470 

.20 

1.0500 

.0320 

1  12.92 

Oct.      2. 

2,500 

.00 

3.10 

21.00 

.0090 

.0240 

.0330 

.41 

.7000 

.0325 

9.66 

5. 

2.500 

.00 

2.30 

19.60 

.0110 

.0180 

.0290 

.33 

.4200 

.0300 

10.46 

».         . 

2,500 

.05 

2.80 

15.20 

.0080 

.0270 

.0350 

.32 

.2100 

.0150 

12.62 

12. 

2,500 

.00 

3.40 

15.10 

.0052 

.0144 

.0196 

.29  1 

.1900 

.0120 

'  10. e9 

16. 

2,500 

.05 

2.00 

13.70 

.0052 

.0116 

.0168 

.37  1 

.2050 

.0000    1   10.02 

23. 

2.500 

.00 

1.20 

12.90 

.0046 

.0132 

.0178 

1.08  ' 

.1900 

.0040 

9.80 

30, 

2.000 

.20 

3.00 

11.40 

.0024 

.0122 

.0146 

1.71  ' 

.2000 

.0025 

'  11.34 

Nov.    6. 

2.500 

.00 

1.10 

14.60 

.0056 

.0126 

.0182 

2.45  1 

.3000 

.(mo 

9.57 

13. 

2.500 

.05 

0.80 

14.70 

.0056 

.0112 

.0168 

2.51  ] 

.1680 

.0016 

11.82 

20, 

2,:.oo 

.00 

.80 

13.00 

.0040 

.0108 

.0148 

2.54  1 

.1100 

.0014 

10.80 

27, 

2,500 

.00 

1.50 

13.70 

.0092 

.0118 

.0210 

3.83  1 

.1000 

.0000 

9.92 

Dec.     4,        . 

2,500 

.00 

4.80 

64.40 

.0186 

.0302 

.0488 

1.58 

.4400 

.0008 

12.25 

11, 

2.5O0 

.00 

1.50 

12.40 

.0128 

.0112 

.0240 

1.90 

.3000 

.0020 

9.89 

18,        . 

2.500 

.00 

0.50 

14.00 

.0096 

.0118 

.0214 

8.00 

.1500 

.0004 

10.81 

If)8». 

1 

Jan.     1, 

2,500 

.15 

1.10 

6.20 

.0004 

.0108 

.0112 

.44 

.1000 

.0000 

10.86 

8.        . 

2.500 

.00 

1.70 

9.80 

.0012 

.0096 

.0108 

1.19 

.1700 

.0006 

10.08 

15,        . 

2,500 

.05 

1.70 

10.00 

.0003 

.0116 

.0124 

1.17 

.1350 

.0006 

11.19 

22, 

2,500 

.00 

1.70 

9.70 

.0012 

.0080 

.0092 

1.58 

.1070 

.0005 

10.23 

29, 

2,500 

.00 

0.80 

9.50 

.0020 

.0106 

.0126 

1.55 

.2000 

.0008 

9.65 

Feb.     6, 

2,500 

.05 

1.30 

11.00 

.0030 

.0070 

.0100 

1.80 

.1600 

.0006 

8.57 

12, 

2,>00 

.10 

1.20 

14.20 

.0146 

.0138 

.0284 

4.00 

.0350 

.0004 

8.30 

w. 

2,500 

.10 

0.80 

15.00 

.0170 

.0106 

.0276 

4.02 

.0450 

.0006 

8.06 

26, 

2.500 

. 

1.20 

15.60 

.0182 

.0114 

.0296 

4.27 

.1000 

.0004 

7.44 

Mar.    5, 

2,500 

.00 

0.50 

17.10 

.0250 

.0070 

.0320 

4.08 

.1800 

.0006 

7.30 

M, 

2,500 

.10 

3.10 

17.20 

.0170 

.0120 

.0290 

3.48 

.1200 

.0004 

9.72 

April  2, 

2,500 

.05 

0.50 

15.00 

.0106 

.0096 

.0202 

8.38 

.3600 

.0010 

9.72 

0. 

2.500 

.00 

0.90 

16.60 

.0050 

.00S2 

.0134 

3.25 

.8200 

.0012 

10.09 

23. 

2.500 

.00 

8.20 

18.00 

.0234 

.0176 

.0410 

8.36 

.6500 

.0020 

9.89 

M.y   28. 

2.500 

.00 

1.90 

16.80 

.0440 

.0240 

.0680 

3.95 

.6000 

.0014 

7.89 

Jone  11, 

2,500 

.00 

1.10 

19.10 

.0600 

.0210 

.0810 

4.36 

.7000 

.0020 

8.14 

July  23, 

2.500 

.00 

3.50 

23.80 

.0460 

.0120 

.0580; 

6.29 

1.2000 

.0024  ' 

7.95 

Aug.  13. 

2,500 

.00 

2.50 

25.30 

.1600 

.0310 

.1910 

6.15 

.7000 

.0150  . 

6.81 

20. 

2,500 

.00 

- 

. 

.3900 

.0340 

.4240 

6.40 

.0800 

.1300 

6.74 

27. 

2.^00 

.00 

- 

- 

.4660 

.0720 

.5380 

6.77 

.0800 

.0080 

6.02 

Ocl.   30, 

2,500 

- 

- 

- 

.0060 

.0180 

.0240 

6.29 

.1900 

.0030 

7.80 

To  Oct.  9, 1888,  water  generally  distinctly  turbid  and  with  more  or  less  sedimeDt.  Oct.  10  to  Feb.  1, 
1889,  ilightly  turbid  and  with  slight  sediment;  February  1  to  April  9,  decidedly  turbid  and  with  con- 
•Iderable  sedtatent;  thereafter  slightly  turbid,  and  after  June  but  a  slight  sediment. 

One  foot  of  water  generally  pumped  from  well  In  the  afternoon  provious  to  day  on  which  sample  wai 
collected. 

«Ial7 16, 1889,  there  was  no  water  in  the  well. 
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Chemical 

Analyses  of  Water  from  Well  No. 

2. 

1 

1 

RB8IDUB  OW 
EVAPOBAnOV. 

AmcoKXA. 

1 

NiTBOOBir  AS 

Date 

§1 

1 

t 

f 

1 

1 

s 

II 

"••5 

IMS. 

Aug.  U.        .        . 

2.500 

.10 

2.00 

4.00 

.0512 

.0872 

.0884 

0.83 

.0160 

.0002 

- 

21,        .        . 

2,500 

.00 

5.00 

27.40 

.0816 

.0566 

.1382 

2.67 

.0100 

.0001 

i    - 

28,        .        . 

2,500 

.20 

6.70 

29.70 

.1180 

.0360 

.1720 

2.00 

.0300 

.0004 

- 

Sept.    4.        .        . 

2,500 

- 

i    3.40 

29.30 

.0060 

.0230 

.1190 

1.40 

.0200 

.0002 

.  4.a 

n.      .      . 

2,500 

.30 

1    6.40 

33.00 

.0400 

.0370 

.0770 

1.10 

.0200 

.0000 

4.SS 

18.        .        . 

2.500 

.80 

1    5.80 

87.40 

.0840 

.0290 

.1180 

0.71 

.0200 

.0000 

s.u 

26.        .        . 

2,500 

.00 

1    4.30 

41.70 

.0020 

.0330 

.0350 

.74 

.0500 

.0000 

lO.SS 

Oct.     2, 

2.500 

.40 

i    2.20 

24.10 

.0040 

.0260 

1.78 

.1420 

.0006 

9.24 

6,        .        . 

2,500 

- 

1    2.40 

28.20 

.0012 

.0142 

.0164 

2.02 

.1000 

.0024 

,   10.24 

9,        .        . 

2,500 

.20 

1    4.30 

23.20 

.0020 

.0330 

.0360 

1.60 

.0660 

.0050 

'   13.03 

16.        .        . 

2.500 

.10 

1    8.20 

42.10 

.0004 

.0166 

.0170 

3.10 

.1000 

.0030 

9.7S 

23.        .        . 

2,500 

.05 

I    1.70 

61.10 

.0216 

.0106 

.0412 

4.90 

.1640 

.0040 

9.61 

26,        .        . 

2,500 

.10 

1    5.60 

30.00 

.0134 

.0196 

.0330 

6.06 

.1120 

.0045 

j    10.4? 

80. 

2,500 

.10 

3.90 

60.30 

.0224 

.0164 

.0388 

6.60 

.2100 

.0035 

1   11.3 

Nov.    2, 

2,500 

.10 

2.50 

48.60 

.0590 

.0248 

.0838 

6.93 

.2100 

.0325 

10. 

6,        .        . 

2,500 

.00 

1.00 

52.90 

.0640 

.0230 

.0770 

6.68 

.0900 

.0130 

9 

9. 

2,500 

.05 

!    2.30 

64.60 

.0540 

.0230 

.0770 

6.73 

.0130 

.0000 

I 

13.        .        . 

2,500 

.05 

1.60 

56.20 

.0430 

.0220 

.0650 

6.64 

.0140 

.0000 

11        ■ 

20,        .        . 

2,500 

.10 

2.00 

63.30 

.0370 

.0280 

.0660 

6.00 

.0140 

.0000 

10. 

27,        .        . 

2,500 

.10 

1.50 

62.70 

.0190 

.0280 

.0470 

6.04 

.0200 

.0000 

9 

Pec.     4,        .        . 

2,500 

- 

4.00 

43.20 

.0700 

.0540 

.1240 

8.40 

.0130 

.0000 

10 

11, 

2.500 

.10 

'    1.30 

42.80 

.0360 

.0310 

.0670 

4.81 

.0150 

.0000 

»• 

18,        .        . 

2,500 

.10 

1.50 

64.00 

.0360 

.0160 

.0620 

6.04 

.0400 

.0000 

11.1 

1M». 

' 

Jan.     1.        .       . 

2.500 

.25 

1.00 

8.50 

.0130 

.0180 

.0310 

.02 

.0100 

.0002 

10.54 

8. 

2.500 

.30 

,    1.30 

27.60 

.0114 

.0120 

.0284 

2.87 

.0500 

.0002 

10.41 

15,        .        . 

2.500 

.20 

i     1.60 

31.90 

.0148 

.0172 

.0320 

2.90 

.0230 

.0000 

10.51 

22.        .        . 

2.500 

.10 

0.00 

42.80 

.0174 

.0180 

.0364 

8.63 

.0240 

.0006 

9.5: 

20, 

2,500 

.05 

1.40 

44.00 

.0242 

.0166 

.0408 

4.42 

.0200 

.0000 

9.23 

Feb.     5, 

2,500 

.10 

'    1.60 

60.00 

.0430 

.0140 

.0570 

6.08 

.0120 

.0000 

8.23 

12.        .        . 

2,600 

.50 

1.30 

60.30 

.0450 

.0170 

.0620 

4.90 

.0050 

.0000 

7.« 

10.        .        . 

2,500 

.10 

i    1.20 

49.50 

.0720 

.0240 

.0060 

4.16 

.0200 

.0002 

7.97 

26.        .        . 

2,500 

.25 

;    2.60 

47.20 

.0700 

.0550 

.1250 

4.06 

.0600 

.0000 

7.3 

Mar.    6.        .        . 

2,500 

.10 

'    5.40 

43.30 

.0470 

.0080 

.0660 

3.64 

.0500 

.0006 

7.0 

19.        .        . 

2,500 

.20 

i    1.20 

86.10 

.0230 

.0130 

.0360 

2.83 

.0900 

.0012 

9. 

April  2.        .        . 

2,500 

.05 

0.90 

39.60 

.0230 

.0170 

.0400 

2.73 

.3200 

.0024 

9. 

9.        .        . 

2,500 

.05 

1.20 

35.80 

.0210 

.0130 

.0340 

8.62 

.3400 

.0036 

10, 

23,        .        . 

2,500 

.15 

1     1.80 

40.10 

.0300 

.0220 

.0620 

4.25 

.4000 

.0050 

10, 

M.y   28,        .        . 

2,500 

- 

1    2.50 

41.20 

.0320 

.0310 

.0630 

3.90 

.0200 

.0000 

7. 

June  11, 

2.500 

.00 

3.60 

42.30 

.0660 

.0330 

.0890 

8.86 

.0200 

.0000 

7. 

July  23,        .        . 

2,500 

.80 

4.40 

38.20 

.0720 

.0240 

.0900 

3.67 

.0000 

.0006 

7.« 

Aug.  13,        .        . 

2,500 

- 

3.80 

58.20 

.0170 

.0208 

.0378 

4.97 

.0100 

.0000 

e.5 

20,        .        . 

2,500 

- 

- 

- 

.0310 

.0234 

.0644 

6.00 

.0100 

.0000 

e.« 

27,        .        . 

2,500 

- 

- 

- 

.0340 

.02«4 

.0604 

6.17 

.0000 

.0000 

,.:z\ 

Oct.    80, 

2,500 

- 

- 

- 

.0258 

.0284 

.0542 

6.12 

.0100 

.0000 

8.06 

Water  generally  distinctly  turbid,  except  from  Nov.  9  to  27. 1888.  and  during  January,  1890,  when  it 
was  only  sllgbtly  to.    It  generally  contained  considerable  sediment  throughout  the  whole  time. 

One  foot  of  water  generally  pumped  from  well  In  the  afternoon  previous  to  day  on  which  sanipw 
wns  collected. 

July  16, 1880,  there  was  very  little  water  in  well. 
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The  sands  with  which  we  have  experimented  and  have  obtained 
varying  but  satisfactory  purification  through  nitrification,  already 
reported,  have  varied  in  size  of  grains  from  coarse  mortar-sand  to 
the  finest  sand  we  are  likely  to  find  in  our  valleys. 

When  these  experiments  were  undertaken,  it  was  commonly 
thought  by  experimenters  that  soil  was  an  essential  part  of  a  good 
filter.  We  have  found  that  sands,  from  the  coarsest  to  the  finest, 
without  soil,  when  treated  by  a  method  adapted  to  the  capacity  of 
each,  have  given  very  satisfactory  results. 

In  order  to  determine  the  advantages  and  disadvantages  of  soil  in 
a  filter,  we  will  first  learn  what  can  be  accomplished  with  a  large 
filter  made  entirely  of  garden  soil. 
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FILTER   TAIfK   Ifo.   5. 


Physical  Characteristics. 

This  tank  in  the  field,  about  seventeen  feet  in  diameter  and  six 
feet  deep,  had  the  usual  underdrains,  and  the  bottom  covered  with 
coarse  gravel,  and  this  with  finer  gravel  and  coarse  sand,  making  a 
depth  of  about  seven  inches ;  above  which  was  a  depth  of  five  feet 
of  fine  garden  soil. 

A  physical  analysis  gives  the  following  results  :  — 


Approximate  Di- 

Bincter  »>f 
Oralns,  in  Inches, 


Terccntage 

of 
the  Whole. 


CoarKcr  than  sieve  Xo.  2,  . 
Between  jiievo  No.  2  and  No.  4, . 
Between  nieve  No.  4  and  No.  10, . 
Between  elevo  No.  10  and  No.  20, . 
Between  sieve  No.  20  and  No.  40, . 
Between  sieve  No.  40  and  No.  55, . 
Between  sieve  No.  55  and  No.  70, , 
Between  sieve  No.  70  and  No.  100, . 
Between  sieve  No.  100  and  No.  140, . 


I 


0.020  to  0.040 
0.012  to  0.020 
0.010  to  0.012 
0.008  to  0.010 
0.005  to  0.003 
0.003  to  0.005 
O.OOl  to  0.003 
0.0   to  O.OOl 


1 
4 
4 
6 
7 
9 
5 
8 

10 
23 
20 
4 


This  soil  contained  much  more  organic  matter  than  the  sands  that 
have  been  used.  The  loss  on  heating  to  redness  was  5.77  percent, 
which  is  about  five  times  that  in  No.  4.  The  grains  of  quartz  or 
other  material  insoluble  in  strong  acid,  in  two  hours,  amounted  to 
88.88  per  cent.  Of  the  parts  dissolved,  alumina  formed  2.67  per 
cent,  of  the  whole,  or  twice  that  in  No.  4,  and  oxides  of  iron  and 
manganese  formed  2.06  per  cent.  There  was  0.06  of  one  percent. 
of  lime.     The  specific  gravity  of  the  solid  particles  is  2.52.    When 
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packed  dry,  the  specific  gravity  of  the  mass  is  I.289  and  the  air 
space  49  per  cent. ;  but,  packed  as  it  was  in  the  tank  by  being 
thrown  scattering  into  water,  its  water  space  was  found  to  be  about 
44  per  cent,  of  its  volume. 

It  is  to  be  noticed  that  this  garden  soil,  though  not  as  fine  as  the 
sand  of  No.  4,  is  a  remarkably  fine  soil.  Fifty-six  per  cent,  of  it 
would  go  through  a  sieve  having  100  meshes  to  an  inch ;  and  one- 
quarter  of  its  particles  ai'e  less  than  0.003  inch  in  diameter. 

Besides  this  fineness,  the  particles  of  organic  matter  soften  by 
water  and  fill  up  the  interstices  between  the  coarser  particles,  and 
make  it  less  pervious  to  water  than  would  be  the  same  sized  grains 
of  clean  sand.     The  increased  amount  of  alumina  may  have  a  similar 

eflfect. 
This  tank  of  garden  soil  first  received  sewage  Dec.  27,  1887 ; 

sihce  which  time  the  rate  of  flow,  in  gallons  per  acre  per  day,  has 

been  for  each  month  as  follows  :  — 


January,  1888, 
February,  1888, 
March,  1888, 
April,  1888, 
May,  1888, 
June,  1888, 
July,  1888, 
August,  1888, 
September,  1888, 
October,  1888, 
November,  1888, 


19,200 

December,  1888, 

14,200 

January,  1889,  . 

26,800 

Febi-uary,  1889, 

80,100 

March,  1889,      . 

29,000 

April,  1889,       . 

19,600 

May,  1889, 

15,600 

June,  1889, 

10,600 

July,  1889, 

9,600 

August,  1889,    . 

8,800 

September,  1889, 

6,800 

October,  1889,  . 

4,000 
4,200 
8,800 
6,200 
6,400 
8,000 
7,400 
7,200 
8,400 
7,400 
7,000 


Frost  interfered  with  the  entrance  into  the  tank  of  the  applied 
sewage  during  January,  February  and  March,  1888,  very  much  as 
in  tanks  numbered  4  and  7  ;  but,  as  the  effect  upon  the  effluent  is 
not  apparent,  a  summary  of  changes  only  will  be  given. 

On  January  12  two  rings  were  cut  out,  as  in  No.  2,  and  filled 
with  coarse  sand.  Frost  was  then  9  inches  deep.  This  increased 
to  24  inches  on  February  3,  and  was  22  inches  deep  on  February 
13.  Five  holes  were  cut  through  the  frost,  to  admit  sewage,  on 
January  24 ;  and  new  holes  were  cut  January  26,  February  3,  13, 
24,  and  March  3,  and  5.  On  February  17  the  ice  was  all  cut  and 
removed  from  the  surface,  and  a  trench  two  inches  deep  cut  into  the 
sand  of  the  outer  ring.  Before  applying  sewage  in  the  mornihg, 
the  ice  and  sewage  remaining  over  from  the  previous  day  were  often 
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taken  from  the  surface  and  thrown  away,   during  February  and 
March. 

The  temperature  of  the  sewage  when  applied  was  like  that 
recorded  for  No.  1  and  No.  2.  The  temperature  of  the  effluent 
was  37°  to  390  in  February,  36^  to  38^  in  March,  and  38^  to  43^ 
in  April.  In  May  it  reached  54°,  in  June  66°,  in  July  69°,  and 
in  August  70°.  In  September  it  was  at  first  70°,  and  fell  to  61°. 
It  continued  falling  in  October  to  54°,  and  in  November  to  47°. 

From  Nov.  22,  1888,  to  March  12,  1889,  a  canvas  covering  was 
over  the  tank,  to  exclude  snow.  Sewage  was  applied  once  in  two 
or  three  days  at  a  temperature  of  45°  Fah.  The  winter  was  much 
milder  than  the  previous  winter,  and  frost  was  but  a  few  inches  deep 
in  the  tank,  —  eight  inches  being  the  greatest  depth  found,  and  this 
over  but  a  small  section.  The  effluent  was  at  all  times  above  39° 
Fah.  Generally,  between  December  and  March,  it  was  between 
40°  and  43°. 

The  quantity  of  about  30,000  gallons  per  acre,  applied  daily, 
disappeared  from  the  surface  during  April,  1888,  within  six  hours 
after  its  application  ;  but  in  the  latter  part  of  May  it  did  not  always 
disappear  in  twenty-four  hours.  As  the  surface  remained  coveted, 
the  quantity  applied  was,  after  the  middle  of  June,  reduced  to 
20,000  gallons  per  acre  per  day ;  but  this  also  accumulated,  and, 
during  the  week  previous  to  July  18,  no  sewage  was  applied. 
Some  remained  upon  the  surface  five  days,  aad,  a  few  hours  after 
it  disappeared  from  the  surface,  the  flow  from  the  outlet  ceased. 

From  examinations,  made  later  in  the  season,  of  the  quantity  of 
water  held  by  this  fine  material,  it  is  probable  that,  at  this  time, 
when  the  flow  from  the  outlet  had  ceased,  the  whole  filter  was 
completely  saturated  with  liquid,  entirely  excluding  air ;  except,  it 
may  be,  within  two  or  three  inches  from  the  top,  where  there  was 
probably  less  than  one-quarter  as  much  air  as  water. 

The  surface  appearing  very  much  choked  by  a  fine  deposit  from 
sewage,  one-half  inch  in  depth  of  the  top  of  the  filtering  material 
was  removed  on  July  18 ;  after  which  the  same  quantity  of  20,000 
gallons  per  acre  per  day  was  applied  for  two  weeks,  or  until 
August  2 ;  but,  this  accumulating  on  the  surface,  none  was  applied 
for  five  days,  and  then  the  quantity  was  reduced  to  10,000  gallons 
per  acre  per  day.  This  disappeared  in  a  few  hours,  except  when  it 
rained,  when  the  surplus  was  siphoned  off  the  top. 

During  this  month,  when  10,000  gallons  per  acre  per  day  were 
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being  applied,  and  the  movement  of  water  within  the  fitter  was  so 
slow  that  any  particle  of  water  applied  to  the  surface  would  require 
seventy  days  to  go  through  the  filter,  the  impurities  of  the  efiiuent 
reached,  and  finally  exceeded,  those  of  the  applied  sewage. 

The  removal  of  the  half  inch  in  depth  of  soil  from  the  tank  in 
July  was  the  only  change  made  in  the  surface  during  the  first  year, 
after  the  frost  was  out  in  the  spring.  The  surface  has  generally 
been  uncovered  a  part  of  the  time  between  applications  of  sewage, 
except  in  June  and  July,  1888. 

From  June  26  to  July  28,  a  cap  was  on  the  outlet  pipe,  with  a 
short,  bent  glass  tube,  forming  a  trap,  which  allowed  liquid  to  flow 
out  continually,  but  prevented  air  entering  the  underdrains.  At 
other  times  air  has  been  free  to  enter. 

The  application  of  50  gallons  a  day,  which  was  at  the  rate  of 
10,000  gallons  per  acre  per  day,  was  continued  till  Oct.  10,  1888. 
In  the  latter  pai*t  of  this  period  there  was  but  little  time  when  the 
surface  had  no  water  upon  it,  and  the  application  was  changed  to 
100  gallons  three  times  a  week;  but,  this  accumulating  on  the 
surface,  none  was  applied  in  the  first  four  days  of  November ;  and 
from  this  time  till  April  17,  1889,  50  gallons  were  applied  three 
times  a  week,  and  the  surface  was  uncovered  a  large  part  of  the 
time. 

On  April  17,  1889,  the  soil  at  the  surface  of  the  tank  was  spaded 
over  to  the  depth  of  about  nine  inches ;  and  after  this,  until  No- 
vember, 1889,  100  gallons  were  applied  on  three  days  in  the  week, 
and  water  was  on  the  surface  less  than  half  of  the  time. 

A  table  of  chemical  analyses  of  the  sewage  applied  to  this  tank 
may  be  found  with  the  tiibles  of  Tank  No.  1.  The  chemical  analyses 
of  the  efiiuent  are  given  in  a  table  at  the  end  of  this  section. 

Before  sewage  was  applied  to  this  filter,  Dec.  26,  1887,  the 
chlorine  -of  the  effluent,  which  came  from  the  application  of  water 
with  chlorine  at  about  0.20  parts  per  100,000,  was  from  0  32  to 
0.66  parts.  After  sewage  was  applied,  the  chlorine  of  the  efiiuent 
exceeded  0.66  parts,  on  January  15 ;  and  afterward  continually 
increased,  until,  on  February  9,  it  became  about  equal  to  that  of 
the  sewage  first  applied. 

This  indicates  that  some  liquid  from  the  sewage  reached  the 
bottom  of  the  tank  January  15,  when  1,962  gallons  of  sewage  had 
been  applied,  but  came  down  in  small  areas,  and  was  much  diluted 
with  water  coming  through  the  soil  in  other  areas ;   and  that  the 
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water  that  nvas  previously  in  the  tank  was  not  all  pressed  out  until 
February  9,  when  4,2G2  gallons  of  effluent  had  passed  out  after  the 
first  application  of  sewage. 

From  other  experiments  made  with  this  material ,  it  appears  to 
have  a  water  space  of  about  44  per  cent,  of  its  volume  ;  and  to  be, 
in  these  experiments,  so  nearly  saturated  as  to  be  continually  within 
one  or  two  per  cent,  of  complete  saturation  below  the  upper  five 
inches  of  its  depth ;  and  above  this  to  contain  a  varying  amount 
of  water,  which  may  average  about  three-quarters  of  complete 
saturation.  The  quantity  of  water  ordinarily  contained  in  the 
material  of  this  tank  is,  from  these  results,  estimated  to  be  about 
3,500  gallons ;  and  in  the  following  statements  the  effluent  is  com- 
pared with  the  sewage  which  was  applied  long  enough  before  to 
have  pushed  out  3,500  gallons.  The  time  required  for  any  particle 
of  sewage  to  pass  through  the  filter  has  been  from  three  weeks  to 
five  months,  depending  upon  the  amount  of  sewage  applied  daily. 

Nearly  all  of  the  Ammonia  Applied  was  Stored  for  Two 
Months,  and  a  Part  of  it  for  Eleven  Months;  afteb 
WHICH  MORE  Came  Off  than  was  Applied. 

While  the  chlorine  of  the  effluent  indicates  that  some  liquid  from 
the  sewage  reached  the  outlet  by  January  15,  and  that  all  of  the 
effluent  was  from  sewage  on  February  9,  still,  the  ammonias  of  the 
effluent  were  no  higher  than  when  water  had  been  passing  through 
■  the  filter,  until  March  8  ;  that  is,  up  to  the  latter  date,  the  soil  held 
back  the  ammonias, — both  the  free,  and  the  albuminoid  ammonia,— 
so  that  they  did  not  reach  the  bottom.  That  part  of  the  ammonia 
which  did  not  escape  into  the  air  must  have  been  stored  in  the  soil 
through  two  months,  or  while  more  than  6,000  gallons  of  sewage 
entered  the  tank. 

From  March  6,  when  the  free  ammonia  consisted  of  0.0720  parts,  and 
the  albuminoid  ammonia  of  0.0590  parts,  per  100,000,  both  increased 
together, — slowly  at  first,  and  then  more  rapidly, — until,  in  August, 
1888,  both  exceeded  those  of  the  sewage.  The  free  and  albuminoid 
ammonia  of  the  effluent  averaged  for  the  month  of  August,  1.8200 
parts  and  0.4113  pai-ts  respectively,  while  these  of  the  sewage  then 
coming  through  avei*aged  1.5408  parts  and  0.3415  parts  respectively. 
The  effluent  then  contained  19  per  cent,  more  ammonia  than  the 
sewage  from  which  it  came.  It  was  then  evidently  taking  with  it 
some  of  the  ammonia  which  had  previously  been  stored  in  the  filter. 
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In  the  following  month  both  ammonias  of  the  effluent  increased, 
and  both  were  greater  than  those  of  the  sewage,  —  the  free  being  19 
per  cent.,  and  the  albuminoid  7  per  cent.,  greater. 

In  October  the  free  ammonia  of  the  effluent  averaged  3.1678  parts, 
being  12  per  cent,  greater  than  that  of  the  sewage;  but  the  albu- 
minoid ammonia  decreased  from  0.4276  parts,  for  the  previous 
month,  to  0.3356  pails  for  this  month,  while  that  of  the  sewage 
increased  to  1.5783  parts. 

During  the  next  seven  months  the  quantity  of  effluent  averaged 
but  5,500  gallons  per  acre  per  day.  The  sum  of  the  ammonias  of 
the  effluent  decreased,  nearly  with  the  decrease  of  those  of  the 
sewage,  from  3.4650  parts  in  November  to  2.2350  parts  in  May, 
and  averaged  eleven  per  cent,  in  excess  of  those  of  the  sewage. 

0^•E  Step  in  Purificatiok  taken  for  a  Time. 

The  albuminoid  ammonia  decreased  from  0.3000  parts  in  Novem- 
ber, 1888,  to  0.2150  parts  in  May,  1889,  averaging  0.2430  parts,— 
which  was  only  48  per  cent,  of  that  of  the  sewage,  —  while  the  free 
ammonia  averaged  32  per  cent,  more  than  that  of  the  sewage ;  indi- 
cating that,  during  this  period,  in  the  long  time  of  four  months  or 
more  which  it  took  any  particle  of  sewage  to  pass  from  the  top  to 
the  bottom  of  this  filter,  about  one-half  of  the  albuminoid  ammonia 
of  the  entering  sewage  was  converted  to  free  ammonia. 

It  appears  that  during  those  months  enough  oxygen  entered  the 
upper  part  of  the  tank  or  was  provided  by  the  oxide  of  iron  within  the 
tank,  to  combine  with  enough  carbon  to  liberate  one-half  of  the 
combined  nitrogen,  but  not  enough  oxygen  to  combine  with  this 
and  form  nitric  acid  or  nitrates.  Thus  one  step  in  purification  was 
daring  that  time  taken  by  a  part  of  the  nitrogenous  organic  matter 
by  which  it  became  inorganic. 

The  averages  of  the  chemical  analyses  of  the  effluent  from  Tank 
No.  5,  for  each  of  the  months  since  sewage  was  applied,  and  of  the 
sewage  which  produced  the  effluent,  are  given,  in  parts  per  100,000, 
in  the  following  table. 

The  table  also  contains  the  daily  number  of  gallons  of  effluent, 
which,  multiplied  by  200,  will  give  the  number  of  gallons  which, 
at  the  same  rate,  would  have  been  filtered  upon  an  acre.  It  also 
contains  the  number  of  bacteria  counted  in  a  cubic  centimeter 
of  the  effluent,  as  observed  once  or  twice  a  week  for  the  two 
years. 
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The  porcentages  which  the  residue  on  evaponition  and  the 
ammonias  of  the  effluent  are  of  those  of  the  sewage,  are  also  given 
for  each  month ;  and  the  temperature  of  the  effluent  is  given. 

Monthly  Averctges  of  Daily  Remits  with  Tank  No.  5. 


Date. 


1S88. 

Deo.  26,  'S7-Jan. 
10,  *88,    . 

Dec.  27,  »87,      . 
Jan.  17-81, 


Deo.  28-JaQ.  10, 
Febroary, . 


Jan.  17-Mar.  8, . 
March,       . 


Mar.  »-Apr.  S, 
April, 


Apr.  4-Apr.  29, 
May, .       .       . 

Apr.90-May'20, 
Juoe, . 


May27-Joiiel6, 
July, . 


June  17-Jaly  6, 
Augnet,     . 


July  6-Jn1y  20, 
September, 


July  27- Aug.  16, 
October,    . 


Aug.  17-8ept.  8, 
November, 


Sept.  0-8ept.  19, 
December, 

1889. 

Sept.  2(^Oot.  2, 
January,    . 


Oct.  S-Oot.  18,  . 

February, . 

Oct.  14-Nov.  2. 
March,       .       . 


Sewafe, 
Bffluent, 


Bewace, 
Effluent, 


Sewage, 
Effluent, 


Sewage, 
Effluent, 


Sewage, 
Effluent, 


Sewage, 
Effluent, 


Sewage, 
Efflueni, 


Sewage, 
Effluent, 


Sewage, 
Effluent, 


Sewage, 
Effluent, 


Sewage, 
Effluent, 


Sewage, 
Effluent, 


Sewage, 
Effluent, 


Sewaso, 
Efflueni, 


Sewage, 
Effluent, 


h 

Of 


104 


90 


71 


184 


1604 


146 


68 


20 


21 


19 


28 


I    Kksidub 

OH  EVAPOBA- 

I       Tioir. 


I* 


8.21 

12.00 
8.90 
81 

27.80 
0.47 
24 

26.68 
8.44 
83 

29.40 
8.41 
29 

28.96 
12.46 
48 

46.71 
21.02  88.19 


46 

18.20 
85.70 
190 

16.1 
39.89 
269 

10.00 
27.18 
170 

77.66 
22.42 
29 

07.46 
19.29 
29 

22.87 
12.84 
66 


28.02 
12.80 
46 

17.17 
12.88 
76 

17.76 
12.56 
71 


7.28 


19.00 
8.68 


26.11 
10.97 
44 

17.28 
18.26 

77 

30.22 
16.01 
41 

80.62 
22.28 
61 

60.86 


77 

24.50 
62.86 
267 

25.00 
f>6.68 
216 

27.16 
55.83 
206 

71.87 
56.40 
77 

79.19 
68.71 
08 

89.64 
42.64 
108 


47.80 
42.09, 
89 

88.06 
88.40 
116 

28.70 
38.24 
133 


0.0665 

0.8800 
0.0080 

7 

1.6200 
0.0600 

4 

0.8763 
0.0925 
11 

0.7968 
0.1383 
17 

0.9265 
0.1973 
21 

1.3860 

0.4678 

86 

l.« 

1.0629 


1.6408 

1.8200 

118 

2.0360 

2.4289 

119 

2.8234 

8.1678 

112 

2.7718 

8.1660 

114 

1.9548 

2.8400 

146 


1.8638 

1.6867 

140 

2.2271 

2.4914 

112 

2.8318 
2.280U 
98 


0.0614 

0.3900 
0.0498 
18 

0.6833 
0.0682 


0.6250 
0.0786 
16 

0.5869 
0.1233 
28 

0.6592 
0.1435 


1.4464 
0.2266 
16 

0.3827 
0.3: 
87 

0.8416 

0.4118 

120 

0.8980 

0.4276 

107 

1.67R8 
0.8356 
21 

2.0106 
0.8000 
16 

0.5071 
0.2667 
60 


0.7466 
0 
30 

0.4667 
0.2614 
66 

0.4112 
0.2320 
66 


0.1279 

1.2700 
0.1128 
9 

2.1633 
0.1141 
6 

1.4022 
0.1711 
12 

1.8832 
0.2616 
20 

1.5867 

0.3108 

21 

2.7814 

0.6944 

26 

1.7060 
1.4162 


1.8823 

2.2313 

119 

2.4830 

2.8666 

117 

4.4017 
3.6034 
80 

4.7824 
8.4660 
72 

2.4614 

3.0067 

126 


2.i 

2.1 
108 

2.0928 

2.7628 

102 

2.7425 
2.5120 
92 


0.60 


2.98 
1.44 


3.17 
2.82 


2.80 
2.79 


2.31 
2.83 


3.40 
8.71 


8.02 
4.82 


4.60 
6.43 


5.02 
6.11 


7.48 

7.82 


6.84 
9.72 


10.47 
9.76 


9.68 
7.64 


6.79 
6.87 


8.71 
4.98 


4.78 
4.27 


NlTBOOXV 


.012 


.007 
.014 


.006 
.011 


.007 
.000 


.009 
.010 


.010 


.0008 


.0006 


.0007 
.0000 


.0003 
.0000 


.0000 

.oouo 


.0000 
.0000 


.0000 


.ouoo 

.0000 


.0000 
.0000 


3r 


8r 


4S 

m 


164 


844 


68* 


62* 


43* 


42* 


7,026 
1^883 


161 
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Monihly  Averages  of  Daily  Results  wilh  Tank  No 

5- 

-Cob 

icludc 

4. 

h 

Kesiduk 

OM  EVArOBA- 
TIOM.          1 

AUXOlllA. 

1 

NiTBOOBV 
AS 

H 

Bats. 

ii 

1 

1 

} 

1 

^ 

1 

ill 

'A 

Nov.»-Deo,l,  . 
April,        .        . 

Bewtg©, 
Effluent, 

82 

17.12 
11.70 
08 

80.03 
86.60 
116 

1.780S 
2.4400 
141 

0.4160 
0.2160 
62 

2.1467 
2.6560 
124 

4.76 
3.83 

.010 
.016 

.0000 
.0000 

46' 

9 

Dee.S-Feb.l,  . 
May.  .       .       . 

Sewage. 
Bffluent, 

40 

12.84 
14.00 
100 

20.28 

36.80 
186 

1.1621 
2.0200 
176 

0.2917 
0.2160 
74 

1.4438 
2.2360 
156 

4.30 
3.47 

.021 
.006 

.0024 
.0000 

66' 

75 

Feb.  2-MAr.  23» 
June,.       .        . 

Sewage, 
Effluent, 

87 

11.02 
16.87 
144 

20.48 
85.60 
174 

1.2467 
3.2000 
267 

.3211 
.3660 
111 

1.6668 
8.666U 
227 

8.64 
8.92 

.016 
.000 

.0120 
.0000 

64* 

•8 

July..  *:    . 

Sewage, 
Kffluen^ 

80 

13.27 
15.90 
120 

26.48 
41.30 
166 

1.9680 
4.8100 
244 

.4627 
.8860 
86 

2.4207 
6.1960 
216 

6.06 
4.66 

.008 
.000 

.0011 
.0000 

68* 

10 

Apr.aO^anel, 
August,     . 

Sewage, 
Effluent, 

42 

16.76 
19.00 
117 

24.42 
43.90 
180 

2.0109 
3.6600 
182 

.4600 
.8067 
80 

2.4709 
4.0467 
164 

4.63 
4.66 

.000 
.000 

.0000 
.0000 

68* 

11 

June  2-JuIy  1,  . 

Sewage, 
Effluent, 

87 

26.91 
18.00 
60 

27.20 
46.60 
168 

2.5720 
4.6160 
179 

.6890 
.4700 
80 

8.1610 
6.0860 
161 

6.14 
2.30 

.000 
.000 

.0000 
.0000 

66* 

9 

Jnly  2-31,  . 
October,    . 

Sewage, 
Effluent, 

86 

23.94 

33.28 

2.2769 
4.1138 

181 

.6077 
.4038 
66 

2.884«|5.60 
4.6166  3.02 
157 

.000 
.000 

.0000 
.0000 

66* 

4 

Stored  Nitrogen  drawn  out  of  the  Filter. 

In  June 9  ISSO,  the  effluent  was  from  sewage  that  had  been  applied 
to  the  surface  in  February  and  March ;  but  the  ammonias  of  the 
ef&uent  were  two  and  a  quarter  times  those  of  the  sewage,  and  were 
higher  than  those  of  the  sewage  had  been  at  any  time  since  the  pre- 
ceding September,  in  which  time  9,000  gallons  of  effluent  had  passed 
out,  or  the  liquid  in  the  tank  had  been  renewed  nearly  three  times. 
It  must  follow  that  the  large  excess  of  ammonia  then  coming  out 
was  from  nitrogenous  matter  stored  in  the  tank  during  the  first  year. 
In  this  month,  as  well  as  in  August  and  September,  1888,  the  albu- 
minoid ammonia  was  greater  than  that  of  the  applied  sewage  ;  and 
these  are  the  only  months  in  the  two  years  when  this  has  been  the 
case.  It  was  11  per  cent,  greater  in  this  month,  and  constituted 
0.3550  parts  per  100,000,  while  that  in  the  sewage  formed  0.3211 
parts.  The  free  ammonia  in  this  month  formed  3.2000  parts,  and 
was  257  per  cent,  of  that  of  the  sewage. 

In  July  the  ammonias  were  still  higher,  averaging  5.1950  parts, 
or  215  per  cent,  of  those  of  the  sewage.  The  free  ammonia  aver- 
aged 4.8100  parts,  or  244  per  cent,  of  that  of  the  sewage ;  and  the 
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albuminoid  ammonia  averaged  0.3850  parts,  or  85  per  cent,  of  that 
of  the  sewage. 

In  the  three  following  months,  AugU!*t,  September  and  October, 
1889,  the  effluent  was  of  quite  constant  quality.  The  ammoniajj 
were  61  per  cent,  higher  than  those  of  the  sewage.  The  free 
ammonia  averaged  4.1261  parts,  which  was  80  per  cent,  higher  than 
that  of  the  sewage ;  and  the  albuminoid  ammonia  averaged  0.4233 
parts,  or  77  per  cent,  of  that  of  the  sewage. 

During  the  last  fifteen  months,  since  the  ammonias  of  the  effluent 
became  equal  to  those  of  the  sewage,  14  per  cent,  more  nitrogen  has 
come  from  the  tank  in  effluent  than  has  been  applied  to  it  in  sewage. 
In  this  time  the  free  ammonia  of  the  effluent  has  averaged  154  per 
cent,  of  that  of  the  sewage,  and  the  albuminoid  ammonia  has  aver- 
aged 67  per  cent,  of  that  of  the  sewage. 

In  the  last  six  months  more  stored  nitrogenous  matter  is  being 
removed  than  formerly.  The  effluent,  though  containing  more  nitrog- 
enous matter  than  the  sewage,  does  not  contain  more  nitrogenous 
organic  matter.  Its  organic  nitrogen  indicated  by  the  albuminoid 
ammonia,  is  but  one-sixth  of  the  total  nitrogen,  while  in  the  sew- 
age the  organic  nitrogen  is  one-third  of  the  total  nitrogen.  It  has 
a  strong  odor  and  great  turbidity.  The  turbidity  is  not  like  the  tur- 
bidity of  sewage,  but  is  due  in  great  part  to  iron  dissolved  from  the 
soil,  which,  upon  exposure  to  the  air,  oxidizes,  forming  iron-rust; 
but  when  this  has  settled  there  still  remains  an  opalescence  that  is 
characteristic  of  sewage. 

Garden  soil,  as  fine  as  this,  is  useless  as  a  filter  for  purifying 
sewage. 

On  account  of  the  large  amount  of  oxide  of  iron  and  mano:anese 
dissolved  out  of  this  soil,  the  determinations  of  the  loss  on  ignition 
are  regarded  as  giving  no  definite  indication  of  the  organic  matter 
in  the  effluent. 

The  nitrates  have  been  low  throughout  the  twenty-two  months,  — 
probably  not  higher  than  those  of  the  applied  sewage  ;  the  figures  ob- 
tained range  from  0.000  to  0.040  parts,  but,  on  account  of  the  large 
amount  of  organic  matter  and  of  oxide  of  iron  and  manganese,  these 
results  are  uncertain.  There  appears  to  have  been  a  very  slight  nitri- 
fication in  the  fall  of  1888,  but  none  in  the  summer  and  fall  of  1889. 

Biological  Examination  of  Effluent  from  Tank  No.  5. 
During  the  greater  part  of  the  time  no  microscopic  organisms 
have  been  found  in  the  effluent  of  Tank  No.  5.     Oil  five  occasions 
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Leptothrix,  in  numbers  averaging  40  in  a  gallon,  has  been  found. 
On  three  occasions,  Ciliate  Infusoria  to  the  number  of  31,  Para- 
mecium to  the  number  of  13,  and  Amoeba  to  the  number  of  4, 
have  been  found. 

On  July  29,  1889,  in  order  to  determine  if  these  organisms  were 
living  in  the  underdrains,  a  hole  was  bored  into  the  side  of  the  tank, 
and  a  glass  tube  pushed  up  one  of  the  underdrains,  and  the  water 
and  detached  sediment  were  drawn  into  it.  The  material  withdrawn 
was  brown,  dirty  sediment,  flocculent  and  somewhat  gelatinous. 
There  appeared  under  the  microscope,  besides  dirt  and  iron-rust, 
tangled  masses  of  mould  hyphaa  and  many  bacteria,  some  living  and 
actively  moving;  Infusoria  abundant,  especially  living  Vorticellee 
and  other  Ciliata,  and  Monads ;  large  clusters  of  Leptothrix  or 
Cladothrix  in  parallel  bundles,  and  Zoogloea  abundant.  There  were 
no  Algae  or  diatoms. 

The  general  appearance  indicated  that  these  lived  and  grew  there, 
and  could  not  recently,  nor  in  their  present  form,  have  come  through 
the  sand. 

On  August  13  a  sample  obtained  in  a  similar  way  contained  a  few 
monads  and  several  moulds. 


Bacteria  in  Effluent  of  Tank  No.  5. 

9 

After  sewage  was  applied  to  the  surface,  and  before  any  of  it 
reached  the  outlet,  the  number  of  bacteria  in  the  eflBiuent  averaged 
33.  With  the  first  increase  of  chlorine,  indicating  that  the  most 
advanced  particles  of  the  sewage  had  reached  the  bottom,  the  num- 
ber increased  to  95  ;*  and  five  days  later,  on  January  19,  the  number 
reached  118,  which  was  the  highest  until  the  middle  of  March.  This 
slight  increase  in  the  number  of  bacteria  from  33  to  118,  when 
sewage  first  mingled  with  the  water  coming  out  of  the  tank,  —  so 
unlike  the  result  in  tanks  Nos.  1,  2,  4,  6  and  7,  when  sewage  first 
came  through,  in  each  of  which  from  24,000  to  387,000  were 
counted,  —  indicates  the  comparatively  unfavorable  condition  for 
bacteria  to  survive  the  passage  through  this  tank,  under  circum- 
stances which  in  the  other  tanks  allowed  the  greatest  number  to 
pass  through.  The  highest  number,  118,  found  in  the  eflJuent  of 
Tank  No.  5,  was  on  the  twenty-fourth  'day  after  sewage  was  first 
applied,  when  2,724  gallons  had  flowed  out,  and  when  the  chlorine 

*  See  table  following  table  of  chemical  analyses ;  alio,  the  preceding  table  of  monthly 
averages. 
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indicated  that  twenty-two  per  cent,  of  the  effluent  was  from  sewage. 
The  number  decreased  in  one  week  to  26,  and  averaged  34  in  the 
month  of  February  and  154  in  the  month  of  March.  The  tempera- 
ture of  the  effluent  was  then  37^  Fah.  In  April  the  temperature 
was  a  little  warmer,  rising  from  38®  to  43°,  and  the  number  of 
bacteria  averaged  244.  In  May,  with  temperature  from  45°  to  53°, 
the  number  was  81.  In  June  the  number  was  35,  until  a  trap  was 
put  upon  the  outlet,  which  caused  some  of  the  effluent  to  be  held 
back  in  the  pipe,  when  the  number  on  the  next  day  was  118  ;  but  in 
eighteen  days  it  gradually  fell  to  10,  on  July  17.  Again,  having 
held  effluent  in  the  pipe  thirty-six  hours,  the  number  rose  to  128 ; 
but  two  days  later  it  was  14.  The  average  number  for  June,  1888, 
was  56,  and  for  July,  32.  Up  to  this  time  sewage  has  been  from 
23  to  50  days  in  passing  through  the  tank.  The  average  number 
found  in  the  effluent  for  two  years  —  excepting  in  August  and  Sep- 
tember, 1888  —  was  54 ;  and  it  is  most  probable  that  these  did  not 
come  down  through  the  sand,  but  grew  in  the  underdrains.  Through 
August  the  number  increased  from  10  to  28,620 ;  and  through  Sep- 
tember decreased  quite  regularly  to  190,  and  continued  decreasing 
till  October  16,  when  it  was  27. 

No  cause  is  seen  for  this  great  rise  and  fall,  unless  it  be  in  the 
increase  in  temperature  in  the  underdrains  from  69^  to  71°,  and 
the  subsequent  fall  to  58^.  The  very  high  numbers  were  all  when 
the  effluent  was  from  66^  to  71°,  the  highest  temperature  for  the 
season ;  and  it  may  be  that  some  species  of  bacteria  find  this  tem- 
perature particularly  favorable  for  their  growth. 

There  was  no  corresponding  rise  when  the  same  temperature  was 
reached  in  the  second  year. 

The  largest  number  counted  was  on  August  21.  The  effluent  of 
that  day  must  have  been  about  52  days  in  passing  through,  and  been 
applied  about  the  last  day  of  June.  Nothing  was  observed  at  the 
surface  of  the  tank  at  that  time  to  which  an  increase  in  bacteria  in 
the  effluent  can  be  attributed.  In  the  third  week  after  that  time  no 
sewage  was  applied,  and  that  upon  the  surface  disappeared  ;  and  at 
the  end  of  this  week  one-half  inch  in  depth  of  the  surface  of  the 
.^filter  was  removed.  As  soon  as  the  sewage  disappeared  from  the 
surface,  the  effluent  stopped ;  hence  the  material  did  not,  at  this 
time,  become  so  drained  that  the  sewage  of  the  next  application 
could  flow  down  more  rapidly  than  usual,  and  thus  carry  down 
bacteria  in  an  unusual  manner.  While  this  change  may,  in  some 
way  not  apparent,  have  caused  the  number  of  bacteria  to  increase, 
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the  most  probable  cause  is  thought  to  be  a  rapid  increase  of  growth 
in  the  underdrains,  which  continued  while  the  conditions  were 
favorable. 

In  October,  1888,  the  average  number  was  50 ;  in  November,  36  ; 
and  in  December,  161. 

In  the  second  year — January  to  October,  1889  —  the  monthly 
averages  varied  from  4  to  75,  and  averaged  19. 

On  July  27, 1889,  three  counts  of  samples  taken  at  different  hours 
in  the  day  gave  the  following  numbers  :  0,  5  and  67.  On  July  29, 
four  counts  gave  13,  3,  0  and  0. 

To  determine  if  these  irregular  numbers  were  due  to  growths  in 
the  nnderdrains,  a  sample  of  the  water  and  sediment  drawn  from 
the  underdrain,  as  described  above,  was  examined,  and  found  to 
contain  3,700  bacteria  in  a  cubic  centimeter. 

On  Aug.  10,  1889,  a  sample  from  the  underdrains,  taken  8  feet 
from  the  outlet,  contained  2,000  bacteria  per  c.  c,  when  the  effluent 
contained  only  5  per  c.  c.  On  August  13  the  number  found  from 
one  to  three  feet  from  the  outlet  was  5,200  per  c.  c. 

From  these  results  it  appears  that  the  small,  irregular  numbers 
found  probably  come  from  growth  in  the  underdrains,  and  not  from 
bacteria  coming  down  through  the  filter. 

On  August  16,  immediately  after  a  count  gave  2  bacteria  in  the 
effluent,  twelve  gallons  of  water  which  contained  3  bacteria  per  c.  c. 
were  forced  into  the  underdrain.  Upon  coming  out  with  a  rapid 
velocity  the  water  contained  69  bacteria  per  c.  c.  A  second  twelve 
gallons  brought  out  49  bacteria  per  c.  c. ;  and  a  third  twelve  gal- 
lons gave  an  average  of  33  per  c.  c. 

These  experiments  also  show  that  bacteria  were  growing  in  the 
underdrains,  and  came  out  when  disturbed. 

Although  we  have  not  proved  that  none  have  come  through  the 
filter  in  the  past  year,  this  is  probably  the  case ;  and  the  average 
number,  19,  {mini  in  the  effluent,  have  probably  grown  in  the  under- 
drains, instead  of  being  the  remnant  of  half  a  million  applied  daily 
to  the  surface. 

The  unfavorable  circumstances  which  cause  their  extermination  to 
be  nearly  if  not  quite  complete,  are,  in  this  tank,  independent  of 
nitrification,  for  no  nitrification  occurs ;  and  there  is  abundant  food 
supply,  as  indicated  by  excessive  ammonias;  but  the  amount  of 
oxygen  entering  the  soil  must  be  exceedingly  small,  and  they  are 
probably  as  completely  deprived  of  this  small  amount  of  oxygen  by 
the  process  in  which  the  albuminoid  ammonia  becomes  free  ammonia 
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as  if  there  were  additional  oxygen  supplied,  and  this  were  used  in 
the  next  step  of  converting  free  ammonia  into  nitrates. 

The  fact  that  the  effluent  from  this  tank  continually  contains  a 
considerable  amount  of  protoxide  of  iron  is  sufficient  evidence  that 
there  can  be  no  free  oxygen  in  the  lower  part  of  the  tank. 

The  being  deprived  of  oxygen  for  the  long  time — three  months 
or  more  —  of  the  passage  is  probably  the  fatal  condition. 

Conclusions  in  Regard  to  Filter  No.  5. 

This  garden  soil  proves  to  be  entirely  unadapted  to  the  purifica- 
tion of  sewage,  even  'when  applied  in  small  quantities.  During  the 
last  six  months  the  quantity  filtered  has  been  only  7,500  gallons  per 
acre,  per  day,  or  less  than  two  and  a  half  times  the  ordinary  rainfall. 
There  has  been  no  nitrification,  and  the  albuminoid  ammonia  of  the 
effluent  has  been  82  per  cent,  of  that  of  the  sewage. 

It  is  evident  that  its  continuance  of  almost  entire  saturation,  even 
when  the  intervals  between  applications  are  long,  prevents  sufficient 
air  entering  to  oxidize  but  a  small  percentage  of  the  carbon  and 
none  of  the  nitrogen.  Hence  its  effluent  contains  nearly  as  much 
nitrogenous  organic  matter  as  the  sewage. 

The  same  qualities  that  enable  the  soil  to  hold  water  to  give  sap 
to  the  roots  of  plants  prevent  the  transmission  of  the  needed  amount 
of  air  to  accomplish  the  purification  of  sewage  in  quantities  much 
greater  than  the  ordinary  rainfall.  The  qualities  which  we  have 
noted  in  which  this  differs  from  No.  4,  where  nitrification  does  take 
place,  are  not  increased  fineness,  for  it  is  coarser,  but  an  increased 
amount  of  organic  matter  and  more  alumina  and  oxide  of  iron  and 
manganese  in  form  to  be  readily  dissolved  by  acid. 

The  long  time  of  the  passage  and  the  inability  of  any  free  oxygen 
to  pass  with  the  sewage  through  the  soil,  appear  to  cause  the  death 
of  the  bacteria  that  are  applied  with  the  sewage,  so  that  none  of 
them  are  found  in  the  effluent ;  and  it  is  most  pft)bable  that  no 
larger  organisms  get  through. 

These  results  have  been  obtained  in  applying  sewage  to  an 
unusual  depth  of  soil,  having  unusual  fineness.  We  shall  next 
learn,  from  Tank  No.  6,  what  may  be  done  in  purifying  sewage 
with  mixed  sand  containing  some  gravel  and  having  no  soil,  and 
afterward  compare  the  results  with  those  obtained  with  similar 
material  in  Tank  No.  7,  having  above  it  a  layer  of  yellow  loam  and 
of  brown  soil,  as  they  are  often  found  in  our  valleys. 
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TA.BLES 


CHEMICAL  ANALYSES  OF  THE  EFFLUENT, 


•  DAILY  OBSERVATIONS 
Upon   Filter   Tank   ]S"o.   5. 


[The  ohemloal  resiilu  are  eipreesed  in  parte  per  100,000.] 


l>e««Biber,  18S7. 


1. 

RieiDUB  otf 

EVAJ^JCATIOK. 

j 

TniPKK- 

ATUBB. 

Date. 

i 

1 

1 

,1 

1 

1 

1 

1 

1 

26..       .        .        . 
27 

2S 

29,. 

30, .       . 
81,.       . 

180 
130 
138 
180 
130 
144 

41 
112 
151 
180 
101 

75 

2.00 
3.20 

;.36 

7.15 

.0708 
.0610 

.0504 
.0084 

.1302 
.1204 

.34 
.36 

.0060 
.0080 

None. 
None. 

86* 
85* 
84' 
84^ 

- 

I>eeember26.— Flret  Mwage  applied.  December  26  aod  27.  — Two  and  one-half  Inehea  of  ice  on 
nrfaee  of  tank.  December  28,  2  inches;  December  89,  i^  inohee;  December  80, 2X  Inohee;  Deoea- 
ber,  31, 8  Inebee. 

Total  effluent  to  end  of  month,  660  gailona. 
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FUter  Tank  No.  5  —  Continued. 


i 

^1 

1= 

HKfUDCK  on 

1            Amxoxu. 

1 

iriT1U>i;£?(  AS 

Teh  FEB- 
ATrRL 

n^rK. 

1-^ 

1 

1 

1 

1" 

1 

1 

i 

1 

i 

i 

i» 

70 

9& 

3.4B 

6.40 

.0800 

.0646 

.1446 

.86 

.0080 

None. 

34. 

- 

2. 

in 

S6 

- 

- 

- 

- 

- 

- 

- 

- 

35- 

- 

>i 

.  > 

332 

Bd 

^.sa 

7.15 

.0792 

.0706 

.1408 

.40 

.0000 

None. 

38* 

- 

4. 

B3 

811 

- 

- 

- 

- 

- 

- 

- 

- 

38- 

- 

s. 

\n 

73 

S.flO 

7.06 

.0690 

.0600 

.1380 

.42 

.0100 

None. 

36- 

- 

6p 

loa 

6B 

- 

- 

- 

- 

- 

- 

- 

- 

84' 

- 

7i 

T5 

&() 

- 

- 

- 

- 

- 

- 

- 

- 

35' 

- 

i. 

103 

ea 

a<40 

6.76 

.0650 

.0670 

.1820 

.63 

.0100 

None. 

35- 

- 

e, 

63 

flQ 

- 

- 

- 

- 

- 

- 

- 

- 

35' 

- 

10, 

0& 

M 

3.3» 

7.80 

.0630 

.0660 

.1100 

.62 

.0180 

None. 

sr 

- 

11. 

- 

99 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

32, 

309 

80 

3.35 

7.16 

.0560 

.0400 

.0060 

.68 

.0180 

Present. 

SS' 

- 

IS* 

300 

ie« 

3.40 

8.60 

.0670 

.0660 

.1130 

.64 

.0150 

.0002 

40* 

- 

». 

212 

laa 

- 

- 

-     ' 

- 

- 

- 

- 

- 

40* 

- 

10* 

IM 

19^ 

4.00 

7.90 

.0640 

.0630 

.1270 

.72 

.0180 

None. 

40*  .    - 

HI, 

200 

1» 

- 

- 

- 

- 

- 

- 

40- 

- 

IT, 

m 

IM 

3.40 

8.40 

.0680 

.0600 

.1170 

.00 

.0100 

None. 

39* 

- 

I»i 

23S 

172 

4.10 

7.76 

.0600 

.0660 

.1150 

1.01 

.0160 

None. 

39- 

- 

W. 

ISO 

i«a 

4.05 

8.16 

.0630 

.0370 

.1000 

1.00 

.0100 

None. 

40* 

- 

M, 

]ao 

IM 

- 

- 

- 

- 

- 

- 

- 

- 

88' 

- 

«, 

Jftft 

136 

- 

- 

- 

- 

- 

- 

- 

- 

30* 

- 

22, 

Ht 

82 

- 

- 

- 

- 

- 

- 

- 

- 

38',    - 

K, 

105 

73 

3.44 

o.ao 

.0700 

.0488 

.1188 

1.83 

.0160 

Present. 

39* 

- 

Wt 

150 

40 

- 

- 

- 

- 

- 

- 

- 

SS^ 

- 

2i, 

120 

ei 

- 

- 

- 

- 

- 

- 

- 

- 

SS* 

- 

»i 

im 

63 

4,ao 

8.30 

.0500 

.0520 

.1110 

1.77 

.0150 

Present. 

37* 

- 

ar. 

in 

4S 

- 

- 

- 

- 

- 

- 

- 

- 

39' 

- 

n. 

150 

43 

- 

- 

- 

- 

- 

- 

- 

- 

40* 

- 

=0, 

iat> 

43 

- 

- 

- 

- 

- 

- 

- 

- 

40' 

- 

30, 

m 

40 

4.20 

0.26 

.0680 

.0470 

.1150 

2.04 

.0200 

.0006 

sr 

- 

51, 

120 

37  ! 

- 

- 

" 

- 

- 

- 

- 

ss- 

ST 

January  1.  —  Four  Inches  of  Ice  and  snow  on  surface.  January  2.  —  Two  and  one-half  Inches  of  i«- 
January  3  and  4.  — Three  inches  of  ice  and  water.  January  5.  — Two  and  three-qnarters  locbe*  of 
Ice.  Janaary  6to8.  — Threeinches.  January  0  and  12.  — Four  inches.  January  14.  — Three^aarten 
inch.  January  17.—  One  and  one-half  inches.  January  2.— Water  all  removed  from  surface.  Jacatry 
12.  —  Two  cironlar  trenches  dug  in  surface  and  filled  with  coarse  sand ;  0  inches  of  frost  present.  J»ov- 
ary  24  to  28.  -^  Sewage  applied  in  from  5  to  7  holes  dug  through  frost.  January  26.  —  Fourteen  incbei  of 
water  in  holes  when  sewage  was  applied. 

Total  effluent  to  end  of  month,  8,633  gallons. 
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Filter  Tank  No.  5  —  Continaed. 

Feknuuy,  ISSS. 


o. 

Rksiduk  on 

EVAPUSATIUN. 

Ammonia. 

j 

XlTmOOBW  AS 

Tkmper- 

ATUUC. 

l>xn. 

1^ 

C 

1 

|1 

a 

1 

• 

& 

1 

1 

1,        . 

110 

80 

. 

» 

. 

. 

_ 

• 

. 

_ 

40* 

- 

2, 

100 

45 

4.66 

0.45 

.0640 

.0530 

.1170 

2.40 

.0050 

.0003 

3r 

87* 

a.      . 

100 

0» 

- 

- 

- 

- 

- 

- 

- 

- 

43* 

- 

4,        . 

150 

02 

- 

- 

- 

- 

- 

- 

- 

- 

30* 

sr 

*.      • 

108 

85 

- 

- 

- 

- 

- 

- 

- 

- 

30* 

- 

«.      . 

115 

88 

6.10 

10.20 

.0680 

.0630 

.1160 

2.66 

.0200 

PrcMnt. 

2sr 

87' 

7.        . 

120 

00 

- 

- 

- 

- 

- 

- 

- 

- 

43* 

87* 

8,        • 

110 

84 

- 

- 

- 

- 

- 

- 

- 

- 

87* 

- 

9.         • 

100 

76 

6.05 

10.35 

.0520 

.0860 

.0880 

8.16 

.0100 

PreMnt. 

- 

37* 

10.        . 

125 

83 

- 

- 

- 

- 

- 

- 

- 

- 

43* 

- 

11,        . 

125 

81 

- 

- 

- 

- 

- 

- 

- 

- 

40* 

86« 

12,         . 

lao 

74 

- 

- 

- 

- 

- 

- 

- 

- 

45* 

- 

w,       . 

150 

83 

5«80 

10.70 

.0500 

.0510 

.1100 

8.12 

.0100 

Present. 

44* 

- 

M. 

80 

88 

- 

- 

- 

- 

- 

- 

- 

44* 

38* 

15, 

150 

76 

- 

- 

- 

- 

- 

- 

- 

- 

44* 

37* 

18. 

150 

81 

7.30 

10.80 

.0500 

.OftSO 

.1110 

2.85 

.0080 

Pwscnt. 

44- 

sr 

IT. 

100 

04 

- 

- 

- 

- 

- 

- 

- 

- 

68* 

- 

18. 

150 

02 

- 

- 

- 

- 

- 

- 

- 

66- 

- 

M. 

160 

63 

7.30 

11.10 

.0650 

.0570 

.1220 

2.88 

.0100 

Present. 

64* 

- 

20, 

150 

60 

- 

- 

- 

- 

- 

- 

- 

- 

44* 

38" 

21. 

150 

52 

0.30 

11.80 

.0540 

.0500 

.1040 

2.84 

.0200 

Present 

45* 

30» 

22. 

150 

50 

- 

- 

- 

- 

- 

- 

- 

- 

51* 

38* 

23. 

150 

57 

7.40 

11.00 

.0580 

.0480 

.1040 

3.02 

.0100 

Present. 

5r 

30° 

24. 

150 

56 

- 

- 

- 

- 

- 

- 

- 

55* 

- 

25. 

ISO 

80 

- 

- 

- 

- 

- 

- 

57- 

37* 

26, 

150 

62 

0.80 

ir.8o 

.0670 

.0720 

.1380 

2.88 

.0100 

Present 

62- 

39" 

27, 

150 

0» 

- 

- 

- 

•     - 

- 

- 

- 

- 

44* 

37* 

28, 

150 

07 

7.00 

12.60 

.0680 

.0620 

.1300 

2.42 

.0100 

None. 

57* 

- 

29, 

150 

00 

- 

- 

- 

- 

- 

- 

- 

63* 

37* 

Febmary  1.  — Twenty  two  inchos  of  frost  and  7  inches  of  snow  and  lee  on  surfaee.  February  8. — 
Twenty-  four  inches  of  frost  and  7  inches  of  Ice.  February  13.  —  Twenty-two  inches  of  frost.  February 
1  to  11.— Generally  from  15  inches  to  18  inches  of  water  in  boles  through  frost  when  sewage  was 
applied.  February  3.  — Two  new  holes  dng.  February  13.— One.  February  14.  —  Water  all  removed 
from  holes.  February  17.  — Trench  cut  through  Ice.  Coarse  sand,  put  in  trench  last  month,  removed. 
February  18.  — Ice  all  removed  fiom  surface.  February  10. — Two  inches  of  ice  and  water  removed, 
yebnisry  20.— Three  and  one-half  inches.  February  26.— Water  all  removed.  FobrnaTy  27.  — One 
Inch  of  water.  February  28. — One  and  one-fourth  inches  of  ice.  February  29. — One  and  three-eighths 
iDcbfs.    February  24.  —  Rollins  wator  applied ,  to  thaw  frost. 

Total  effluent  to  end  of  month,  6,678  gallons. 
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Filter  Tank  No.  3  —  Continued. 

Matreli.  ISStt. 


'Datb. 


(y 


1.     . 

150 

73 

2.    . 

160 

76 

8,    . 

150 

84 

4, 

150 

67 

6, 

150 

79 

6, 

160 

85 

7, 

200 

85 

8, 

150 

.100 

0* 

150 

101 

10. 

150 

120 

11.     . 

150 

123 

12. 

160 

132 

13, 

160 

128 

14. 

150 

129 

15,    . 

150 

137 

16,    . 

160 

147 

17.    . 

150 

163 

18, 

150 

139 

19. 

150 

159 

20, 

160 

153 

21, 

150 

171 

22, 

150 

177 

23, 

150 

173 

24, 

loo 

161 

25, 

150 

147 

26. 

150 

156 

27. 

150 

188 

28, 

150 

181 

29, 

150 

178 

80, 

150 

171 

81.    . 

150 

109 

W3 


Rrmdub  ox 
evacokatiox. 


7.00 


8.90 


8.10 


8.50 


8.80 


13.90 


13.  IQ 


12.90 


12.90 


13.50 


AXXOXIA. 


a 


.0720 


.0720 


.0920 


.1120 


.1000 


.1040 


.0590 


.0960 


.0800 


.0690 


.0770 


.0970 


.1310 


.1880 


.1920 


.1610 


.1730 


.1830 


3.04 


2.60 


2.80 


3.00 


2.82 


KiTBOOBX  AS 


.0100 


.0100 


.0080 


.0080 


.0150 


.0100 


.0050 


.0002 


.0004 


.000 1 


is 

IS 


I       ATLitK. 


.0004 


.0002 


.0002 


.0002 


24  h. 


24  h. 

24  h. 


24  h. 


24  h. 


Effluent  dectdedly  Cnrhid,  with  ranch  brown,  florcnlent  nedlraent,  nnd  with  color  averaging  1.17. 

March  1  — Ono  inch  of  ice  removed  from  Burface.  March2.  — One«half  itich.  March  3.  — One  and 
one-hulfincht*B  of  water.  March4.  — One  and  three  eighths  iuchea  of  ice.  March  5.  —  Three-fourthitiQch. 
March  6.  —  One-hulf  Inch.  March  7. —  One  and  one-quarter  inches.  Manh  14.  — Snow  and  water  all 
removed.  March  18.  — Onp-half  inch  of  ice  removed.  March  23.  —  One-quart?'r  inch  ice  rouiovwl. 
March  28.— Water  all  removed.  March  3.  —  Two  new  hulea  dug  through  froaU  March  6.— Oo«. 
March  8. — Leak  In  meaauring  baefn  mended. 

Total  effluent  to  end  of  month.  9,830  gallons. 
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FiUer  Tank  No.  5— Continued. 

ApvU,  IMS. 


1' 

Rksidub  on 
evaporatiom. 

AXXOMIA. 

i 

NiTBOOSS  ia 

1. 

Tkmpbb- 

ATUBB. 

Datb. 

si 

F 

1 

1 

1 

s 

i 
1 

1 

1. 

2.         . 

a,      . 

4. 

5.  . 

6.  . 

7.  . 

8.  . 
«.         . 

10.        . 
11, 

12.  . 

13.  . 

14.  . 

15.  . 
!«,         . 
17, 

18,         . 
1«.         . 

20.  . 

21,  . 

a.      . 

23.         . 
24, 

25,  . 
2«.        . 

27.  . 

28,  . 

26.  . 

IfiO 
150 
150 
150 
150 

ISO 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
800 

150 
150 
150 
150 
150 
800 

la 

187 

191 
182 
178 
IM 

150 
183 
100 
146 
150 
142 
128 
130 
146 
131 
132 
193 
126 
125 
184 
128 
126 
121 
188 
75 

6.90 

8.60 

8.10 
7.10 

9.80 
8.00 

10.40 

15.00 

12.90 

13.00 
•15.00 

14.60 
17.80 

16.20 

.1320 

.1040 

.1320 
.1480 

.1520 
.1400 

.1600 

.0040 

.1110 

.1180 
.1280 

.1340 
.1250 

.1530 

.2200 

.2150 

.2500 
.2760 

.2860 
.2650 

.3130 

2.L.i 

- 1 

3.21 

2.20 
2.20 

2.28 

2.40 

"■ 
2.46 

1 

.0150 

.0150 

.0100 
.0100 

.0050 
.0080 

.0080 

.0003 

.0005 

.0002 
.0008 

.0010 
.0010 

.0006 

4h.2ni. 

5h.l0m. 

4h.54m. 
411.48m. 

41- 
41' 
43* 
40* 
43* 
46* 

40* 
42* 
47* 
46* 
43- 
45* 
41- 
44* 
45* 
42* 
43" 
43- 

43* 
44* 

42- 
45- 

43* 
46' 

38* 
88* 

88* 
88* 
38* 
89* 

80* 
39* 
40* 
88* 
89* 
40* 
40* 
41* 
40* 
41* 
41* 
41* 

41* 

41* 
42* 
42* 
43* 
43* 

Efflaent  very  decidedly  ttirbid,  and  generally  with  much  brown,  flooeolent  sediment,  and  with  color 
treraglng  2.06. 

April  7.— 5.20  a.m.  to  April  10,  8.11  a.m.,  outlet  closed.  River  high.  April  10.  — Organisms  visible 
to  naked  eye  in  sample.    April  29.  —  Outlet  closed  at  8.42  p.m.    River  high. 

Total  efflaent  to  end  of  month,  13,788  gallons. 
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Filter  Tank  No.  5  —  Continued. 


ii 
11 

Ii 
li 

i    RK8IDDK  OX 

Evaporation. 

Ammonia. 

i 

NiTROORX  A8 

TlXPCR- 

AICKS. 

Datb. 

ji 

i 

1 

i! 

^ 

1 

'A 

* 

i 

<2 

«s 

1». 
2,. 
3.. 
4,. 
5.. 
6.. 
7,. 
8.. 
9,  . 
10.. 

n,. 

12.. 
13.. 

u, . 

15.. 

16..        . 

17,. 

18.. 

19,. 

20.. 

21.. 

22,. 

23.. 

24.. 

25,. 

26.. 

27.. 

28,. 

89,. 

30,. 

31,. 

150 
800 

150 
150 
150 
150 
150 
300 

150 
150 
300 

150 
150 
150 
150 
150 
300 

150 
150 
150 
150 

138 
182 
03 
08 
112 
178 
163 
150 
246 

195 
181 
179 
140 
131 
123 
121 
125 
122 
180 
100 
124 
143 
126 
117 

10.40 
11.10 
18.00 

10.00 

15.20 
15.60 

16.40 
17.50 
20.90 

23.50 

27.40 
28.00 

.1600 
.1600 
.2000 

.2160 

.2320 
.2160 

.1300 
.1300 
.1260 

.1680 

.1530 
.1540 

.2900 
.2900 
.3260 

.3840 

.3850 
.3700 

2.66 
3.10 
3.90 

4.34 

4.06 
4.22 

.0200 
.0300 
.0200 

- 
.0180 

.0150 

_ 

.0200 

- 

1   . 
1 

.0005 
.0004 
.0007 

.0007 

.0002 
.0003 

45* 

45' 

50- 
48- 
60" 
51* 
51* 
50- 

49* 
50- 
50* 

52" 

53' 
54* 

56* 

br 

56- 
b7 

45' 
45' 

47 
46' 
47 
47 
47 

49* 
49' 
49* 

57 

ar 

57 
61* 
57 

57 

isr 

53* 

Effluent  very  decidedly  tarbid,  and  with  very  much  brown,  flocculent  sediment,  and  with  color  »Ter. 
aging  2.78. 

May  4  and  17.  —  Very  offensive  odor  to  effluent  when  outlet  was  opened.  May  4.  —  Outlet  opewA  »i 
T.5>  A.M.  May  5.  — First  150  gallons  of  sewage  applied  disappeared  in  3  hours,  12  minutes.  Maj  13.— 
4.38  A  X.  to  Miy  17.,  7.43  A.M.,  outlet  closed.     River  high.    May  17.— Water  siphoned  from  rarteoe. 

Total  effluent  to  end  of  month,  17,204  gallons. 
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FiUer  Tank  No.  5  —  Continued. 


1 
1. 

II 

ii 

RSSIDCR  ON 
EVAPOBATION. 

Amxokia. 

1 

KlTBOGBX  A8 

1. 

Tkuprk- 

ATUltK. 

Date. 

1 

1 

S 
.1 

< 

1 

1 

% 

1 

1 

1* 

150 

108 

. 

_ 

« 

_ 

_ 

_ 

« 

_ 

24  h. 

68* 

63* 

s. 

800 

137 

14.90 

30.70 

.3400 

•2830 

.6230 

8.42 

.0200 

.0001 

24  h. 

60* 

54* 

8, 

- 

M 

- 

- 

- 

- 

- 

- 

- 

- 

24  h. 

- 

- 

*, 

150 

98 

- 

- 

- 

- 

- 

- 

- 

- 

24  h. 

69- 

65* 

5. 

ISO 

100 

- 

- 

- 

- 

- 

- 

- 

- 

24  h. 

6r 

6r 

«• 

150 

100 

15.80 

83.70 

.3500 

.2110 

.6610 

3.60 

.0050 

.0004 

24  h. 

61- 

57* 

T, 

150 

97 

- 

- 

- 

- 

- 

- 

- 

24  h. 

64' 

67* 

8, 

150 

99 

- 

- 

- 

- 

- 

- 

- 

24  h. 

64* 

57* 

», 

300 

126 

17.10 

33.00 

.4000 

.1800 

.5800 

4.44 

.0150 

.0002 

24  h. 

66- 

58' 

10. 

- 

80 

- 

- 

- 

- 

- 

- 

- 

- 

24  h. 

- 

- 

11. 

150 

91 

- 

- 

- 

- 

- 

- 

- 

- 

24  h. 

68- 

59- 

12. 

150 

93 

- 

- 

- 

- 

- 

- 

- 

- 

24  h. 

65* 

69* 

13. 

150 

91 

18.50 

36.30 

.4000 

.1680 

.5580 

4.27 

.0150 

.0003 

24  h. 

- 

69" 

14. 

150 

115 

- 

- 

- 

- 

- 

- 

- 

- 

24  b. 

66- 

68* 

15. 

150 

123 

- 

- 

- 

- 

- 

- 

- 

- 

24  h. 

66* 

59* 

16. 

160 

127 

18.60 

38.20 

.5200 

.1690 

.6800 

4.30 

.0070 

.0005 

- 

67* 

61* 

17.         . 

- 

"75 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

18. 

100 

98 

- 

- 

- 

- 

- 

- 

- 

- 

- 

68« 

63- 

w. 

100 

103 

- 

- 

- 

- 

- 

- 

- 

- 

- 

69- 

62' 

20.         . 

100 

106 

22.30 

40.60 

.4800 

.2420 

.7220 

4.50 

.0100 

.0000 

- 

7r 

62" 

21. 

100 

100 

- 

- 

- 

- 

- 

- 

- 

- 

70» 

61- 

22, 

100 

96 

- 

- 

- 

- 

- 

- 

- 

- 

- 

70- 

63* 

28,         . 

200 

101 

24.90 

41.90 

.6600 

.2760 

.9300 

.50  1 

.0150 

.0003 

24  h. 

73- 

W 

2*. 

- 

70 

- 

- 

- 

- 

- 

- 

- 

24  h. 

- 

- 

2,%         . 

100 

79 

- 

- 

- 

- 

- 

- 

- 

- 

24  h. 

71- 

63- 

28,         . 

100 

39 

- 

- 

- 

- 

- 

- 

- 

- 

- 

72* 

63- 

27.         . 

100 

5 

27.90 

47.30 

.4000 

.2220 

.6220 

4.9S  1 

.0130 

.0004 

- 

71- 

- 

28.         . 

100 

- 

- 

- 

- 

- 

- 

-1 

- 

- 

- 

68' 

- 

».         . 

100 

147 

- 

- 

- 

- 

- 

-    1 

- 

- 

24  h. 

wr. 

OS* 

30.         . 

100 

128 

29.20 

51.00 

.6600 

.2980 

.9580 

4.87 

.0100 

.0000 

24  h. 

tv 

66* 

Efllnent  generally  yery  decidedly  tarbid,  and  with  much  brown,  floccalent  sediment. 
Jane  16  and  23.— Iron  in  aamples.    June  26—5.10  p.m.  to  Juno  29,  0.37  a.m.,  outlet  closed.    June 
27.— Trap  put  in  outlet  pipe.    Total  effluent  to  end  of  mouth.  20.105  gallons. 
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FILTRATION  OF  SEWAGE. 


Filter  Tank  No.  5—  Continaed. 

««l7,  ISM. 


i 
1. 

P 

us 

RSSIDDB  OM 
EVAPORAnOK. 

Amvoxia. 

1 

KiTBOOKV  xa 

on  8arfkcc. 

Tempkb- 

ATUKX. 

IX4TB. 

t 

1 

1 

< 

1 

Pi 

i 

1 

1 

'X 

1,            . 

2, 
8. 
4. 
5,         . 

7, 

10, 

11. 

12, 

13, 

14, 

15. 

1«, 

17, 

18, 

10, 

20,         . 

21, 

22, 

23. 

24, 

25,         . 

2fl,         . 

27,         . 

28, 

20.         . 

30, 

81,         . 

100 
100 
100 
100 
100 
100 

100 
100 
100 

100 
100 
200 

100 
100 
100 
100 
100 
200 

100 
100 

88 

84 
.     85 
81 
78 
70 
73 
61 
68 
67 
74 
71 
61 
60 
46 
29 
0 

09 

117 

100 

100 

05 

05 

92 

83 

118 

79 

83 

U 

30.40 
32.50 

34.60 
88.00 

40.80 

39.40 
39.20 

55.00 
56.30 

50.80 
68.70 

67.60 

60.20 
65.40 

.8000 
.8600 

1.0600 
.9600 

1.1400 

1.2600 
1.5000 

.2900 
.3280 

.3380 
.3120 

.8140 

.3280 
.4160 

1.0900 
1.1880 

1.3080 
1.2720 

1.4540 

1.5880 
1.9160 

5.16 
4.93 

5.14 
5.26 

6.12 

5.71 
5.70 

.0130 
.0100 

.0100 
.0070 

.0120 

.0120 
.0100 

.0000 
.0000 

.0000 
.0000 

.0000 

.0000 

* 

.0000 

84  h. 

24  h. 
24  h. 

24  h. 
24  h. 
24  h. 
24  h. 
24  h. 
24  h. 
24  h. 
24  b. 
24  b. 
24  b. 
24  b. 

21b. 
24  b. 
24  h. 
24  b. 

21b. 
24  b. 

24  b. 
24  b. 
24  b. 
24  b. 

66- 
67* 
69" 

70- 
70* 
71* 

er 

72* 

72" 

71* 
70* 

7r 

72- 
72" 
73- 
73- 
72" 
71* 

71* 
72' 

65- 
65' 
66- 
66* 
66* 
«8* 

66* 
CT* 
65* 
66* 
66" 
67* 

67* 
68* 

esr 

68* 

w 

65* 

«r 

66* 

es* 

6B* 

Effluent  generally  very  decidedly  tnrbid,  and  witb  macb  brown,  floccalent  sediment. 

July  11. — One-fourlb  of  surface  covered  wltb  grasn  and  weeds.  July  17. — Flow  from  tank  oessad 
daring  tbe  nigbt.  Borne  effluent  lost.  July  18.  —  Grass  out,  and  oue-balf  inch  of  material  removed 
from  snrflsce.  July  19.  — 11.25  A  x.,  to  Jaly  20,  1.41  F.X.,  outlet  closed.  Leak  in  measaring  bssin. 
July  28.  —  Trap  removed  from  outlet  pipe. 

Total  effluent  to  end  of  month,  22.353  gallons. 
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II 


100 
100 


60 
60 
50 
100 

60 
60 
60 
60 
60 
100 

60 
50 
60 
60 
60 
100 

60 
60 
50 
60 
60 


11 


RB8IDDB  0:f 

Evaporation. 


44.00 


42.80 


38.20 


30.00 


37.00 


36.00 


60.00 


61.80 


67.80 


55.80 


4o.ao 


60.80 


40.80 


1.4800 


1.6800 


1.8000 


2.1000 


2.0000 


2.0400 


.5 


.4700 


.8400 


.8900 


.4020 


.4680 


.3660 


2.0960 


2.3000 


1.0600 


2.0200 


2.1900 


2.6020 


2.4680 


2.8960 


6.80 


6.10 


6.92 


6.00 


NiTROOKM 


.0180 


.0100 


.0140 


.0200 


.0200 


6.50  I    .0400 


6.25 


6.ao 


.0250 


.0150 


.0260 


I 

5 


.0000 


.0000 


is 
n 

a  3 


24  h. 
24  h. 
24  h. 
24  h. 
24  h. 
24  h. 
24  h. 


Tkiipkr- 

ATUKS. 


.0000 


20h.34m.| 
5h.31m. 
3h.39in 
24  h. 
32h.+ 


.0000 


.0000 


lb.35m 
57  m. 
12  h.  4- 
12  h.  4- 
4h.40ni 


12h.4- 


40  m. 
41m. 
40  m. 
38  m. 


73* 


71* 

70» 

69* 

I   69* 


69* 
60* 
60* 
70* 

60* 
69* 
69* 
71* 

7r 


68- 
89* 
69* 
71* 
69- 
69* 


71* 
70* 
69* 
68' 
70* 
71- 


70- 

vr 

60' 
89* 
70* 


Efflaent  generally  of  a  deep  red  color,  decidedly  turbid,  and  with  considerable  brown,  flocculent 
■Mlimcnt.  After  August  1,  residue  on  evaporation  obtained  with  sodium  carbonate.  August  14. -> 
Sixty  gattofis  siphoned  fVom  surface.  August  22.— Eighty. five  gallons.  Some  water  left.  August  25. 
— FIrrt  60  gallons  applied  disappeared  In  2  hours  3  mlnntea. 

Totsl  effluent  to  end  of  montbi  23,093  gallons. 
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FILTRATION  OF  SEWAGE. 


Filter  Tank  No.  6  —  Continued. 

■•ptemhsr,  18SS. 


1 

0* 

3    . 

1= 

Rkhiduk  ox 
Evaporation. 

Ammoxia. 

1 

1    KiTROOBir  A8 

Is 

1    TKxrKit- 

ATL'&tl. 

DATS. 

J' 

•2 

1 

% 

1 

S 

ri  1 

1| 

2.  . 

3,  . 
i, 

6, 

7. 
8, 

9. 
10, 
11, 
12, 
13, 
M. 

15,          . 
16. 
17, 
18, 

w,      . 

20, 

21.  . 

22.  . 
23, 

24, 

25, 

26, 

27, 

28, 

29.         . 

30, 

100 

50 
50 
50 
60 
60 
100 

50 
50 
50 
50 
50 
100 

50 
50 
50 
50 
50 
100 

50 
50 
50 
60 
50 
100 

53 

45 

35 

40 

87 

82 

32 

56 

62 

57 

59 

55 

49 

42 

48 

43 

47 

54 

51  ' 

53  1 

57  ' 

56 

48 

1 
60i 

49  1 

«l 

44 
44 
46 
42 

27.20 

26.80 
30.40 

29.00 
28.00 

28.00 
27.60 

26.20 
21.00 

58.40 

52.80 
56.40 

50.80 
57.60 

55.80 
54.00 

54.20 
58.00 

2.2200 

2.1200 
2.2000 

2.2000 
2.6000 

2.4000 
2.8000 

2.5200 
2.8000 

.3380 

.4000 
.4000 

.4400 
.2800 

.4500 
.7700 

.3700 
.4000 

2.5580 

2.5200 
2.6000 

2.6400 
2.8800 

2.8500 
3.5700 

! 

2.8900 
8.2000 

7.00 

7.20 
7.04 

7.43 
7.65 

7.95 
8.20  1 

6.92 
6.40  1 

.0150 

.0200 
.0200 

.0300 
.0200 

.0200 
.0250 

.0200 
.0200 

.0000 

.0000 
.0000 

.0000 
.0000 

.0000 
.0000 

.0000 
.0000 

1 
12  h.-h 

i 

40  m. 
33  m. 
43  m. 
39  m. 
42  m. 

12  h.+ 

12h.4- 
12h.+ 

12h.+ 

12h.+ 
12h.+    . 

2«h.  ! 

12h.4- 
12h.+ 

71- 

!  70- 
71* 
70- 
68* 

'   67' 
66" 
- 

67* 
66* 
66* 
66* 
W 

.   64* 

6J* 
65" 
'   64* 
64* 
63- 
62* 

58* 

5S* 
5S' 

ss- 

57* 
55* 

69* 

70* 

;  cr 

68* 

,  66* 

68- 

as* 

€8* 
AT 
68* 
68" 
67 

6S* 
68* 
65" 
66* 
65* 
66- 

64* 

65' 

cr 

65- 

er 

61' 

Effluent  of  a  deep  red  color,  distinctly  tarbid,  and  generally  with  little  sediment. 

Much  iron  in  anmples  throughout  the  month.  Bepiember  in,  —  One  hundred  and  ten  gallons  of  water 
siphoned  from  surface.  September  12.  —  NInety.five  gallons.  September  18  and  22.  —  One  hundred  and 
ninety  gallons.  September  26.  — Two  hundred  and  ninety  gallons.  September  15. — First  50  gaJloos  (A 
sewage  applied  disappeared  in  2  hours  54  minutes. 

Total  effluent  to  end  of  month,  25,429  gallons. 
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Ftiler  Tank  No.  5  —  Continued. 
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43 
44 
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41 
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3.2000 

3.4000 
3.8000 

3.4800 

.3900 
.4300 

.3300 
.3600 

.3600 
.3500 

.3400 
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1 

-      { 

3.4400 

i 
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.0000 

.0000 
.0000 

.0000 
.0000 

.0000 

24  h. 

24  h. 
24  b. 

12h.+ 

24  h. 
24  b. 
24  b. 
24  h, 
24  h. 
24  h. 
24  h. 

24  h. 
24  h. 
24  h. 

53* 
63* 
hV 
50* 
50- 
52- 

52- 
52* 
40* 

47* 

47- 
48- 

40- 

- 

45- 

Ay 

45- 

46- 
45* 

6i* 

62* 
61* 
62* 
61* 
61- 

59* 
57* 
59* 
69- 
57* 
58- 

58* 
58* 
56* 
55* 
66- 

67* 
55- 
55* 
54- 

54- 

55- 
55* 
55' 

Efflnent  of  a  deep  red  eolor,  distinctly  turbid,  and  with  little  Bedlment. 

October  3  and  10.  — Mnch  Iron  in  lamplos.  October  17.  —  Manganese  in  sample.  October  4.  —  One 
hnndred  gallons  of  water  siphoned  from  snrface.  October  8. —One  hundred  and  seventy  gallons. 
October  18.  —  One  hundred  and  five  gallons.  October  25.  — One  hundred  and  forty-five  gallons. 
October  15,  24  and  29.  —Water  on  surface  before  application  of  sewage. 

Total  effluent  to  end  of  month,  26,803  gallons. 
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Filter  Tank  No.  6 —  ContinaecL 

K*T«Mb«r,  188S. 
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- 

sr 

- 

38 

26.40 

54.40 

3.0800 

.3500 

3.4300 

11.46 

.0300 
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- 

- 
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- 
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- 
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M- 
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- 
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- 

- 

- 

- 

- 

- 

- 
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60 

41 

- 
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- 

- 

- 
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- 
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- 

41 

- 
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- 
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- 
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50 

42 

18.00 
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- 
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- 

- 

- 

- 

- 
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17,       . 

- 

41 

18.00 

52.40 

3.2800 
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- 
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- 

- 
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18,        . 

- 

SO 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

10,       . 
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40 

- 

- 

- 

- 

- 

- 

- 

- 

- 
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51* 

20, 

- 
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- 

- 

- 

- 

- 

- 

- 
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- 
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21,       . 

50 

31 

17.00 
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3.2000 

.3300 

3.5300 

8.80 

- 
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- 

43*      50* 

22,       . 

- 

23 

- 

- 

- 

- 

- 

- 

- 

- 

- 

40- 

28,       . 

50 

21 

- 

- 

- 

- 

- 

- 

- 

- 

- 

46"      48* 

24.       . 

- 

20 

20.00 

51.40 

3.2800 

.3800 

3.6700 

8.30 

- 

.0000 

- 

-        49* 

25.       . 

- 

18 

- 

- 

- 

- 

- 

- 

- 

- 

•       - 

- 

2«,       . 

50 

21 

- 

- 

- 

- 

- 

- 

.- 

*  - 

12h.+ 

44* 

4tf* 

27,       . 

- 

26 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1 

48" 

28.       . 

50 

22 

- 

- 

- 

- 

- 

8.17 

- 

.0000 

- 

45* 

60" 

20,       . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

30,       . 

50 

51 

10.10 

42.30 

2.6400 

1 

.2700 

2.0100 

7.08 

- 

.0000 

- 

45* 

47' 

Effluent  of  a  deep  red  color,  distinctly  tarbid,  and  generally  with  little  sediment. 

November  12.  — One-sixteenth  inch  of  Ice  on  surfikce.  November  13.  — One-quarter  inch.  Koveiober 
20.— Little.  November  21.  — Two  inches  of  frost.  November  22.  —  Oneelghth  inch  of  Ice  in  spots. 
November  23,  24  and  26.  — A  few  spots.  November  16. — Fifty  gallons  of  water  siphoned  from  surface. 
November  22.— Canvas  cover  put  over  Uuk.  November  29.-2.55  a.x.  to  November  30, 10.22  a.m.,  out- 
let closed .    River  high. 

Total  effluent  to  end  of  month,  27,705  gallons. 
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Fitter  Tank  No.  5— Continued. 

SeeeaikMP,  ISSS. 


1 

It 

RK8IDUK  ox 

Evaporation. 

AXMOXU. 

1 

NlTROQEN  A8 

SewKge  remained 
ou  Surface. 

Tkmpkr- 

ATL'UK. 

Datk. 

ii 
J* 

1 

1 

hi 

1^ 

a 

1 
1 

S 

i 

1 

1 

1. 
2, 
8, 

10, 

11.  . 

12.  . 

13.  . 
14, 

15.        . 
18.         . 
IT. 

w.      . 

19, 

20.  . 

21.  . 

22.  . 

23.  . 

24.  . 

25.  . 

26.  . 
27 

28.         . 

20, 

».         . 

31, 

50 
60 

50 
50 
fiO 

50 

50 

50 

_ 

60 
50 

33 
24 
23 
26 
26 
22 
25 
24 
18 
20 
27 
22 
19 
13 
12 
10 
16 
12 

30 

13 

6 

10 
15 
15 
25 
20 
10 
15 
22 

15.60 
16.40 

12.20 
10.40 

8.80 

10.60 
12.40 

42.00 
42.40 

45.00 
45.40 

40.20 

41.20 
41.60 

3.0000 
3.4000 

2.9200 
2.2800 

3.0400 

2.6400 
2.6000 

.2100 
.8200 

.2000 
.2000 

.2200 

.1700 
.2900 

S.2100 
8.7200 

3.2100 
2.5700 

3.2600 

2.8100 
2.8900 

7.40 
7.23 

!    - 

6.87 
9.30 

7.80 

1      . 

1 

i 

1   - 

7.91 

i      - 
6.30 

1      - 

.0300 
.0250 

.0250 
.0300 

.0150 

.0120 
.0200 

.0000 
.0000 

.0000 
.0000 

.0000 

.0900 
.0000 

Ih.SOm. 
3h.llm. 
2h.l3m 

lb.23in. 
Ih.l7in. 
57  m. 

2h.47m. 
4h.32ni. 

3b.50m. 
4h.53ro. 

45* 
44* 

45* 

44- 
45* 
44* 

45* 

46* 

42* 
4C* 
44* 

44* 

45* 

46- 
46* 

45* 
45* 
45* 
45* 

45- 

43* 
43* 

4r 

38» 
43* 

45* 
42* 

40- 
38* 

45* 

4r 
44* 

48* 
43- 

43- 

KfBaent  of  •  deep  red  color,  dtatlnctly  tnrbld,  and  with  mncli  aediment. 

December  10. — r.eak  in  measnrlng  basin  repaired.  December  14. — A  few  spots  of  ice  on  sarface. 
December  19.— Fl^e-elghtlis  inch  of  frost  in  tank.  December  21. ~ Two  inches.  December  18.— 8.52 
P.M.  to  December  21. 7.40  p.m.,  outlet  closed.    Rtyer  high. 

Total  effluent  to  end  of  month,  28|365  gallons. 
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Filter  Tank  No.  5— Continued. 

iummmrj. 
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.0000 

- 

- 

41- 

6, 

7.         . 

50 

22 
23 

- 

" 

- 

- 

- 

- 

- 

- 

2h.&4m. 
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- 
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- 
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- 

- 

- 
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- 
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50 

24 

- 

- 

- 

- 

- 

- 

- 

1 
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45*       40" 

81, 
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22 
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- 

- 

- 

- 

41* 

i 

Effluent  of  a  deep  red  color,  distinctly  tnrbid.  nnd  with  considerable  brown,  floccnient  Bedfroeot. 
January  22.  —  One  Inch  of  frost  in  i.ink.    January  26.  —  One  and  one^half  inches.    January  89. 
None.    January  80.  —  Thin  ice  in  spots  en  surface. 
Total  effluent  to  end  of  month,  iifilA  gallons. 
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•  Filter  Tank  No.  5— Continued. 
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EfflnenI  of  a  deep  red  color,  dlsttnetly  iarbid,  and  with  conaidemble  brown. 
Horc  or  less  Ice  on  surface  of  tank  aboat  ono-half  the  days  of  the  month. 

February  2.— One  and  one-half  inches  of  frost  in  tank.    February  5.  — Two 
February  7.  — Three  Inehea.    February  9  and  14.  —  Foor  Inches.    February  20  and 
balf  Inches. 

Total  effluent  to  end  of  month,  29,538  gallons. 


flocoulcnt  sediment. 


and  one-half  inches. 
25.  ~  Five  and  ooo. 
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Fitter  Tank  No.  5— Continued. 

Marali,  ISS*. 


i 
a 

es    . 

ll 

k 

•si 

Residuk  oh 

KVAfORATlOM. 

Ahxomia. 

1 

NirnooBW  as 

1 

Is 

TEirrfca- 

ATUKK- 

Datr. 

ii 

1 

1 

< 

•i 
1 

i 
1 

1 

1 

1 

t  45- 

i  . 

36- 
!  ^• 

i 
1   - 

34- 

1     - 

sr 
,  as- 

S8* 

ajr 

37" 

43* 
42* 

% 
% 

1, 

2, 

3, 

4, 

6. 

6.         . 

T,         . 

8.         . 

9, 
10, 
11. 
12. 

13,         . 
14, 
15. 

1«,          . 
IT, 

18,         . 
19, 
20, 
21, 
22. 
23. 
24, 
25. 
26, 

27.  . 

28.  . 

29.  . 
30. 

31, 

60 

60 
60 
60 

60 
60 
50 

60 
50 
50 

50 
60 
60 

20 
29 
15 
26 
28 
25 
29 
23 
31 
17 
18 
23 
24 
22 
30 
30 
28 
34 
88 
35 
33 
34 
30 
32 
27 
22 
22 
27 
23 
'26 
18 

13.8 

- 
16.4 

10.8 

1 
9.2 

12.6 

36.8 

1 

-      1 

38.2 

38.2 
33.0 

40.0 

2.3200 
2.0S00 

2.3200 
2.2400 

2.4400 

.3100 
.2100 

.2500 
.1700 

.2200 

2.6300 
2.2900 

2.5700 
2.4100 

2.6600 

4.20 
4.34 

4.25 
4.35 

4.20 

.0100 
.0100 

.0100 
.0100 

.0100 

1 

.0000 

.0000 

.0000 
.0000 

- 

.0000 

1       _ 
[  12  h.+ 

1 

|7h.21m. 

1 

1 
1 
lh.48ro. 

i 
lh.36m. 

4r 
4:* 

42" 

nr 

40" 
41* 

4<r 

41* 

41* 
4i* 
41- 
40" 

1  **' 

40- 
40- 
SS* 
40" 

i  ^ 

41' 
42* 
4? 

41* 

4? 

i 

Efflaent  of  a  deep  red  color,  distinctly  tarbld,  and  with  considerable  brown,  floeculont  sedlciMnt. 

March  1.  — Considerable  Ice  on  surface.  March  4  and  9,  little.  March  4. —No  frost  in  one-half  of 
tank.  Frost  in  other  half  between  %  Inch  to  3  inches  down,  and  4  inches  to  8  inches  down.  Surtee* 
levelled.    March  13. — Canvas  cover  removed  from  tank. 

Total  effluent  to  end  of  month,  30,857  gallons. 
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Filter  Tank  No.  5  —  Continued. 

AprU.  ism. 


Ii 

V 

Rbsidus  ok 

BVAFORATIOK. 

Amxosia. 

1 

KlTBO«SV  AS 

1 

Tbmpbk- 

ATURB. 

Datb. 

i 

1 

i 

1^ 

< 

1 

1 

S 

i 
1 

1 

1. 

3. 

«. 
7, 

10.    ^     . 

u.      . 

12,         . 

18. 

14,         . 

15. 

18. 

17. 

18.         . 

19, 

20.  . 

21.  . 

22.  . 
».         . 

24,  . 

25,  . 

26,  . 
2T. 

28.  . 

29,  . 
80.         . 

60 
50 
50 

50 
50 
50 

60 
50 
100 

200 
200 

aoo 

81 
48 
44 
41 
40 
89 
80 
83 
24 
19 
19 
20 
14 
18 
9 
12 
11 
26 
32 
83 
25 
22 
38 
41 
40 
48 
56 
47 
47 
47 

9.2 
14.2 

37.2 
83.8 

1 
2.4800 

2.4000 

.2000 
.2800 

2.6800 
2.6300 

4.01 
3.62 

.0150 
.0150 

.0000 
.0000 

24  h. 
24  h. 
12h.4- 

lh.88m. 
Ih.l0m. 

45  m. 
43  m. 
18  m. 

2h.36m. 

24  h. 

41* 
40* 
41" 

44* 

46* 
46* 

47* 
47* 
50* 

53* 
51* 
54* 

40* 
41* 
40* 
41* 

4r 

42* 

48* 

44* 
44* 

AT 
48* 
AT 

49* 
47* 
AT 
45* 
50* 
49* 

48* 
47* 
48* 
49* 
49* 
48* 

49* 

EffloeDt  of  a  deep  red  color,  distinctly  turbid,  and  with  considerable  brown,  floeculent  sediment. 
April  3. — Rain  water  on  sarfaoe.    April  17.  ~  Material  of  surface,  except  In  sand  rings,  dog  np  and 
tamed  over  to  a  depth  of  9  inches.    April  29.  —  Surface  covered  with  water. 
Total  effluent  to  end  of  month,  81,806  gallons. 


Digitized  by 


Google 


386 


FILTRATION  OF  SEWAGE. 


Filler  Tank  No.  6 — Continued. 

May,  ISm. 


1 

a 

c    . 
£  O 

iS 

Rksidub  ok 

EVAPOKATION. 



Amxoxia. 

NiTROOBX  AS 

p 

ATL'KK. 

Datr. 

^1 

1 

1 

< 

g 

00 

1 
1 

'A 

9, 

ill 

1. 

o 

•f           • 

3. 

4. 

5.         . 

6. 

8. 

10, 

11.  . 

12,  . 
13. 

H. 

15,         . 

10, 

17. 

18. 

19. 

20.  . 

21,  . 
22, 

23.         . 

24, 

23. 

26^        . 

27. 

28. 

29.  . 

30.  . 

31.  . 

100 

100 
100 
100 

100 
100 
100 

100 

100 
100 
100 

45 
48 
45 
43 
85 
38 
S3 
38 
36 
84 
88 
28 
28 
88 
30 
88 
87 
40 
27 
84 
M 
46 
48 
47 
45 
84 
45 
42 
40 
41 
43 

1  . 

16.0 
13.0 

86.8 
34.8 

2.2000 
1.8400 

.2100 
.2200 

2.4100 

_ 
2.0600 

- 

3.61 
3.33 

.0100 
.0000 

.0000 

1 

1 

.0000 

_ 

12h.4- 
6h.8m. 

45  m. 

Ih.Om. 
3h.6m 

99h.26ni. 
12h.+ 

6sr 

65- 

_ 
62* 

1     -- 

!«. 
1 

•    66* 
68- 

! 

i 

i 

!  - 
1  «• 

61* 

4r 
so- 
so* 
5<r 

52" 
W 

ST' 

or 
w 

SS' 
56* 

:«• 

5? 
5^ 

sr 
or 

bV 

s« 

5** 
58* 

«r 

Effluent  of  a  deep  red  color,  distinctly  turWd,  and  with  considerable  floccnlent  tedlmeiit. 
May  2-2.  —  A  very  liitle  grmi«  on  snrface. 
Total  effluent  to  end  of  mooth,  32.632  gallons. 
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FOUr  Tank  No.  5— Continued. 


h 

a  « 

Rbsidub  on 

EVAPOBATIOX. 

Ammo»a. 

j 

KlTBOOSir  AS 

ll 

Tbmpkb- 

ATURB. 

r>ATB. 

i 

i 

1 

-< 

^ 

1 

1 

1 

1 

1. 

2. 

a. 

4. 
&, 

6. 

T. 

«. 

9. 
10, 
11, 
12, 
13, 
14. 
15. 
1«. 
IT. 
IS. 

».          . 

»,          . 

21, 

22. 

23, 

24.  . 

25.  . 
28. 

27. 
28, 
29, 
80. 

100 

100 

100 
100 
100 

100 
100 
100 

100 
100 
100 

47 
41 
40 
43 
60 
42 
47 
63 
87 
46 
42 
42 
48 
40 
40 
86 
88 
82 
89 

« 

81 
83 
17 
14 
36 
22 
26 
27 
42 
25 

18.0 
14.8 
14.8 

85.2 
85.2 
86.4 

2.5200 

3.3200 
3.4000 
3.6000 

.2900 

.8300 
.3900 
.4100 

2.8100 

8.«500 
3.7900 
3.9700 

8.87 

3.77 
4.32 
4.24 

.0000 

.0000 
.0000 
.0000 

.0000 

.0000 
.0000 
.0000 

24  h. 
24  h. 
24  h. 
24  h. 

46h.44m. 

12h.+ 
6h.88m. 

3h.27iii. 
6h.5ni. 

I  ■ 

e5* 

68* 

67* 
00- 
67* 

72* 
70- 
71- 

70* 
70* 

72* 

61* 

W 
W 

flo- 
or 

61* 
60* 

or 

64* 
62' 
«*• 
M* 
«T* 

«6* 
63' 
02* 

or 
or 

or 
ee* 

68* 
68* 
70* 
69* 

Sflioent  of  a  deep  red  color,  distinctly  tarbld,  and  with  conaiderable  eedlment. 
Jane  3.— Water  on  aurface  when  sewago  applied. 
Total  effluent  to  end  of  montli,  83,646  gaUons. 
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FiUer  Tank  No.  5— Continued. 

«alT,  I88». 


m   . 

li 

Of 

li 

RRSTDOiB  ON 
EVAPOBATION. 

Amhonia. 

J 

NiTBoavir  A8 

1 

Tcxm- 

ATCU. 

DATS. 

I-' 

M 

i 

|l 

1 

1 

s 

I 

s 

1.            . 
%            . 

8. 
4. 
6,         . 

e,      . 

T, 

8. 

10. 

11.         . 

12. 

13, 

14,         . 

16.         . 

16,         . 

IT.         . 

18,  . 

19.  . 
».         . 

21,  . 

22.  . 
28, 

24, 

26,         . 

2«.         . 

27. 

28. 

29. 

30.  . 

31.  . 

100 
100 
100 

100 
100 
100 

100 
100 
100 

100 
100 
100 

100 
100 

27 
25 
80 
89 
84 
86 
23 
19 
29 
22 
29 
30 
37 
17 
18 
40 
88 
89 
38 
44 
42 
49 
42 
42 
45 
45 
51 
40 
41 
44 
44 

16.0 
17.2 

15.6 
14.8 

38.4 
40.0 

43.2 
43.6 

4.2000 

- 
3.0200 

5.2400 
5.8800 

.8200 
.4400 

.4300 
.3500 

4.6200 
4.3600 

5.6700 
6.2300 

4.44 

4.4S 

4.67 
4.63 

- 
.0000 

.0000 
.0000 

.0000 
.0000 

.0000 
.0000 

6h.51in.' 

74-     TT 

-  66- 
74*     69* 

74*     CS- 

-  €5* 

'7-     TO- 

-  67 
73*     fi7 

-  66* 

7r   fir 

-  70* 

;  73-    «• 

i-  «• 

71*     W 

-  sr 

72*     f>7 

-  6C* 

73*   r 

-  6f 

71'     63* 

-  er 

71*     68* 

-  ** 

1 

71*   :i' 

72*    7C 

Effluent  of  an  orange  or  yellow  color,  dUtlnotly  tnrbtd,  and  with  considerable  sediment. 
July  29.  — A  two-inch  hole  bored  ^  inch  from  bottom  of  tank,  from  which  to  collect  aampleifor 
bacterial  analysis. 

Total  effluent  to  end  of  month.  84,750  galloni. 
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FiUer  Tank  No.  5— Contmued. 

at.  188*. 


i. 

s5 

1 

c  s 

RB8IDCB  ON 
EVAPOEATIOK. 

Amxomia. 

J 

NiTBOOBir  AB 

Tkxpkr- 

▲TURJ£. 

I>^TB. 

1 

i 

Jgl 

1 

1 

1 

1 

1 

1. 
2. 
3» 
4, 

ft. 

«. 
T, 
8. 

9. 

10, 

11. 

12, 

13, 

14. 

IS. 

1% 

IT. 

18. 

19.         . 

20. 

21,  '    . 

22.  . 
28,         . 
24.         . 

26,  . 
28.        . 

27,  . 

28,  . 

29,  . 

30,  . 
31. 

100 

100 
100 
100 

100 
100 
100 

100 
100 
100 

100 
100 
100 

47 
47 
43 

47 
41 
48 
45 
86 
41 
40 
45 
87 
44 
47 
88 
42 
40 
41 
41 
42 
41 
84 
45 
30 
89 
37 
42 
89 

ia.8 

20.4 

43.0 
44.8 

3.2500 
4.0000 

8.7000 

• 

.8300 
.8300 

.5300 

3.6800 
4.3300 

4.2300 

4.02 
4.66 

4.70 

.0000 
.0000 

.0000 

'.0000 
.0000 

.0000 

24  b. 
24  b. 
24  b. 
24  h. 
24  b. 
24  h. 
24  b. 
24  b. 
24  b. 
24  h. 

24  b. 
24  b. 

72* 

70* 
70' 
70- 

70* 

67- 

68- 
68* 
70* 

69* 
68* 
69* 

69* 
70* 
60* 

67* 
68* 
68- 
68* 
69* 
70- 

er 

68* 

cr 

66* 
68* 
67* 

68* 
67^ 

69- 
68* 
68- 

89- 

67* 

68* 
67* 

EflBnent  of  deep  amber  or  red  color,  from  clear  to  very  turbid,  and  witb  sllgbt  Bediment. 
Angast  10.  —  Iron  In  eaniple.    August  16.  —  TJnderdrainB  waahed  out  tbree  tlmoB  witb  effluent  of 
Tank  No.  8,  between  11.30  a.m.  and  11.40. 

Total  efflaent  to  end  of  montb,  36.048  gallona. 
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FHUer  Tank  No.  3 — Continued 

■«ptemb«r,  188*. 


1^ 

I' 

^1 

ft 

Kbsidub  on 

EVAPORATIOH. 

AxxoriA. 

1 

NlTBOGBN  AS 

p 

Tempkb- 

ATUBB. 

DATS. 

§1 

1 

1 

r' 

1 

S 

S 

1 

w 
1 

1.  . 

2,  . 
3. 

4,         . 

6.         . 

«.         . 

T.         . 

8,         . 

9. 
10. 
11. 
12, 
13. 
14, 
16, 
16. 

17.  . 

18.  . 

w.      . 

20.         . 

21. 

22,         . 

23. 

24. 

26. 

28, 

27.         . 

28. 

20. 

80. 

100 
100 
100 

100 
100 
100 

100 
100 
100 

100 
100 
100 

100 

86 
88 
84 
34 
41 
81 
37 
30 
33 
83 
3d 
82 
83 
47 
33 
89 
40 
39 
37 
44 
41 
33 
39 
39 
88 
40 
39 
40 
83 
80 

18.0 

45.0 

4.7800 
4.6000 

.sooo 

.4400 

6.2300 
4.9400 

2.70 
1.89 

.0000 
.0000 

.0000 
.0000 

8h.83m. 

24  h. 
24  h. 
24  h. 
24  h. 
24  h. 
24  h. 
24  h. 

24  h. 

71* 
71* 

♦r 

72* 
OS- 

65' 

00* 
68* 
69- 

fir 

68* 
flO" 
88* 

7u* 
65* 

cr 
tff 

«6* 

65* 
ST 

Ci* 

wr 

«• 

w 

64' 

«• 
& 

82* 

(or 

Effluent  of  red  color,  and  very  tarbid. 

September  20.  —  Surface  covered  with  water  in  the  morning. 

Total  effluent  to  end  of  month,  87,164  gallons. 
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FUUr  Tank  No.  6—  Continued. 

Oe«*ber.  Ism. 


11 


luo 


100 


100 


100 


100 


lOO 


100 


100 


100 


§i 


r 

=  12 

I' 


Rbsidub  oit 

EVAPOUATIOM. 


Ammonia. 


4.0000 


3.6700 


4.6700 


.5600 


3.9700 


5.2300 


2.34 


3.05 


3.67 


KlTEOOKV  AS 


.0000 


.0000 


.0000 


S4 


1^ 


12  m. 


12  m. 


TSMPKB- 

ATCKK. 


68* 


63* 


bxr 


49* 


48* 


47" 


48" 


47* 


6;,* 

62* 
61* 
62* 
69* 

60* 
59* 
59* 
57* 
58* 
58* 

56* 
57* 
56* 
56* 
bV 
56" 

54* 
64* 

52* 
52* 
53' 
53* 


54* 
52* 
52* 


Efflaent  of  red  color,  and  very  turbid. 

October  21. — Water  and  sewage  on  aorfaoe  nearly  all  siphoned  off.  October  21  and  22.  — A  trench 
one  and  one-half  feet  wide  and  two  and  one-half  feet  deep,  with  sides  sloped  four  inches,  was  dug  one 
sod  one-half  feet  from  rim  of  tank,  and  filled  to  within  three  inches  of  top  with  sand  like  that  in  Tank 
No.  I.  October  23.— Sewage  applied,  distributed  evenly  over  ring  of  sand.  October  24.  — Grass  cut 
from  one  half  of  surface. 

Total  effluent  to  end  of  month,  38,245  gallons. 
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Number  of  Baderia  found  in  a  Cubic  Centimeter  of  Effluent  from  Tank  No  5. 

Date. 

Nmnber 

of 
Bacteria. 

Date. 

Number 

of 
Bacteria. 

Date. 

Number 

of 
Bacteria. 

Date. 

2f  amber 

of 
Boctciia. 

1»88. 

lS8S-Con. 

188S-Con. 

lg8»-Con. 

Jan.       S,     . 

20 

Klarch  27,     . 

95 

Sept.   11,      . 

2,627 

March   5.     . 

5 

6,     . 

42 

29,      . 

411 

15,     . 

8,947 

12.     . 

.  18 

7,     . 

89 

81,      . 

178 

20,      . 

2.036 

19.      . 

72 

10.     . 

88 

April     8,      . 

104 

25,      . 

614 

26.      . 

2 

12,     . 

48 

w,    . 

192 

29.     . 

190 

ArrU     2.     . 

7 

u.    . 

95 

25.      . 

209 

Oct.        2,     . 

48 

».     . 

7 

17.     . 

104 

28,      . 

473 

6,     . 

86 

16.      . 

10 

M.     . 

118 

May      8,     . 

231 

11.      . 

31 

24.      . 

11 

21,     . 

68 

10,     . 

158 

16,     . 

27 

30.      . 

12 

24,     . 

40 

12,      . 

105 

1»,      . 

19 

May      7,     . 

8 

26,     . 

26 

19,      . 

21 

20,      . 

24 

14.     . 

10 

28,      . 

82 

22,     . 

85 

25,      . 

181 

21.     . 

2T6 

81,     . 

82 

26.      . 

53 

80,      . 

81 

28.     . 

4 

Feb.      2,     . 

20 

29.      . 

85 

Nov.      3,      . 

125 

June     4,     . 

2 

4.     . 

82 

81.     . 

11 

8,     . 

49 

11.     . 

8 

7,     . 

46 

June     9,     . 

86 

18,.     . 

9 

18,     . 

6 

9,     . 

86 

21,     . 

83 

19,      . 

9 

26,      . 

17 

11,     . 

83 

26,      . 

86 

23,     . 

11 

July       2.      . 

38 

14.     . 

29 

29,     . 

118 

28,      . 

12 

9,      . 

3 

16,      . 

86 

July      3,      . 

88 

Deo.      5,     . 

14 

16.     . 

0 

18,     . 

49 

5.      . 

81 

10,     . 

109 

23.      . 

1 

21,      . 

25 

7.      . 

41 

14,      . 

642 

80.      . 

6 

28,     . 

49 

10.     . 

81 

21,      . 

8 

Aug.      6.      . 

"i 

25,      . 

26 

13,     . 

17 

26,      . 

81 

12,      . 

16 

28.      . 

29 

17.      . 

10 

1889. 

19.      . 

6 

March  1.     . 

54 

21.     . 

14 

Jan.      2,     . 

88 

24.      . 

\ 

3.      . 

40 

24,     • 

7 

8,     . 

2 

Sept.      2.      . 

i 

6.      . 

48 

26.      . 

16 

15.     . 

19 

10,      . 

9 

10,      . 

79 

28,     . 

10 

22.      . 

16 

16,     . 

14 

16,     . 

588 

Aug.      2,      . 

10 

29.      . 

6 

24.      . 

17.      . 

99 

7,     . 

478 

Feb.      6,     . 

82 

Oct.       2.      . 

20,      . 

145 

11,     . 

1,202 

12.      . 

4 

10.      * 

» 

22,      . 

54 

16,      . 

4.824 

19.      . 

15 

16,      . 

8 

24,      . 

63 

21,      . 

88.620 

27.     . 

0 

25.     . 

Trap  on  ouUel  pipe  from  June  27  to  July  28. 188S. 
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FILTER    TANK    No.   6. 


Above  the  seven  inches  of  gi*avel  and  sand  around  and  above  the 
underdrainSy  this  tank  was  filled  to  the  depth  of  3  feet  8  inches  with 
a  mixture  of  fine  gravel  and  coarse  and  fine  sand,  making  about  four 
feet  of  filtering  material  above  the  underdrains. 

Upon  passing  samples  of  this  material  through  sieves,  and  measur- 
ing with  a  microscope,  the  following  results  were  obtained  :  — 


Approximate  Di- 
ameter of 
Grains,  111  Inches. 


rercentaffe 
of  Whole 
Quantity. 


Coaraer 
Between 
Between 
Between 
Between 
Between 
Between 
Between 
Between 


than  sieve 
sieve  No. 
sieve  No. 
sieve  No. 
sieve  No. 
sieve  No. 
sieve  No. 
sieve  No. 
sieve  No. 


No.  2,  . 

2  and  No.     4, . 

4  and  No.   10,. 

10  and  No.   20,. 

90  sad  No.  40,. 

40  and  No.   65,. 

65  and  No.   70,. 

70  and  No.  100, . 

100  and  No.  140, . 


0.020 
0.012 
0.010 
0.008 
0.006 
0.003 
O.OOl 
0.000 


to  0.040 
to  0.020 
to  0.012 
to  0.010 
to  0.008 
to  0.005 
to  0.003 
to  0.001 


17 
10 
16 
25 
30 

6 

1 

2 

1 

1.8 

2.0 
.2 


This  material  is  upon  the  whole  coarser  than  the  sand  of  Tank 
No.  1 ;  but  it  is  more  mixed,  and  has  a  larger  amount  of  very  fine 
material,  so  that  water  will  not  pass  through  it  as  readily.  Upon 
applying  750  gallons  of  water  to  this  tank  within  an  hour,  there  was 
a  maximum  rate  of  outflow  of  350  gallons  in  an  hour,  which  is  at 
the  rate  of  1,680,000  gallons  to  an  acre  in  a  day. 

The  sand  and  gravel  were  clean,  like  the  sand  of  No.  1  and  No.  2. 
The  specific  gravity  of  the  particles  was  2.63;  and,  owing  to  its 
having  such  a  variety  of  sizes,  its  open  space,  when  packed  dry,  was 
only  32  per  cent,  of  its  volume.  The  loss  on  heating  to  redness 
was  0.87  of  one  per  cent.,  showing  a  very  small  amount  of  organic 
matter.  About  one-sixth  of  this  was  in  the  four  per  cent,  of  very 
fine  material.     Quartz  particles,  and  other  material   insoluble   in 
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strong  acid,  formed  98.17  per  cent. ;  and,  of  the  soluble  parts, 
alumina  formed  0.55  of  one  per  cent,  of  the  whole,  and  oxide  of 
iron  and  of  manganese  formed  0.67  of  one  per  cent. 

Application  of  Sewage. 

The  filter  was  used  about  two  months  for  the  filtration  of  water. 

Sewage  was  first  applied  Jan.  12,  1888.  Some  particles  of  this, 
shown  by  the  increase  in  chlorine  of  the  effluent  from  0.25  to  0.37 
parts,  had  reached  the  outlet  on  the  next  day,  when  238  gallons  had 
passed  out. 

Two  days  later,  after  677  gallons  had  flowed  out,  the  chlorine  of 
the  effluent  had  increased  to  two-thirds  of  that  of  the  sewage,  show- 
ing that  the  effluent  was  then  about  three-fifths. from  sewage  and 
two-fifths  from  the  water  previously  in  the  sand.  During  the  next 
week  the  chlorine  of  the  effluent  gradually  approached  and  reached 
the  amount  of  that  in  the  sewage,  showing  that  then  the  water 
previously  in  the  sand  had  been  entirely  replaced  by  sewage. 

The  daily  quantity  of  sewage  applied  was  300  gallons,  till  January 
23 ;  after  which  it  was  150  gallons,  with  three  short  intennissions, 
till  June  18. 

Until  February  1  about  eight-tenths  of  the  applied  sewage  reached 
the  outlet ;  the  remainder  was  in  one  foot  in  depth  of  ice  on  the  sur- 
face, and  in  eight  inches,  in  depth  of  frost  in  the  sand.  At  this  time 
sewage  was  entering  the  tank  through  the  frost  by  one  hole,  two  or 
three  feet  in  diameter,  which  it  had  kept  thawed.  It  was  applied  at 
temperatures  between  35°  and  40°. 

To  spread  the  sewage  over  more  area  of  the  tank,  two  or  three 
holes  were  cut  through  the  ice  and  frost  in  the  first  half  of  February ; 
and  on  February  18  all  of  the  ice  was  removed,  and  a  trench,  18 
inches  wide  and  two  inches  deep,  was  cut  into  the  sand  at  18  inches 
from  the  outside  of  the  tank,  into  which  sewage  was  applied.  Again, 
on  March  14,  all  the  snow  was  removed  from  the  tank;  after  which 
there  was  little  frost  to  interfere  with  the  general  distribution  of 
sewage  through  the  tank. 

From  January  23  to  March  14  frost  interfered  much  with  the 
even  distribution  of  sewage  through  the  tank ;  and  this  may  be  one 
cause  why,  within  this  time,  the  organic  impurities  of  the  effluent 
were  so  much  greater  than  at  any  time  since. 

Upon  the  first  coming  through  of  the  sewage,  and  while  it  was 
mingling  with  water  previously  in  the  sand,  the  nitrogen  of  the  efflu- 
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entas  nitrates  increased  from  0.020  parts  per  100,000  to  0.110  parts, 
but  after  two  days  decreased  rapidly ;  and  as  soon  as  the  original 
water  had  left  the  tank,  and  the  effluent  was  entirely  from  sewage, 
the  nitrogen  as  nitrates  became  as  low  as  that  of  the  sewage,  and 
continued  so  for  two  months.  In  February  it  averaged  0.004  parts, 
and  in  March  0.009  parts  ;  while  the  temperature  of  the  effluent  was 
from  35^  to  38^.  On  April  1,  with  the  temperature  of  the  effluent 
at  39^,  it  increased  to  0.015  parts,  and  continued  higher  through 
the  month,  averaging  0.041  parts,  and  reaching  0.060  parts  at  the 
end,  when  the  temperature  of  the  effluent  was  44^. 

The  chemical  analyses  and  daily  observations  upon  Tank  No.  6 
are  arranged  in  tables  at  the  end  of  this  section. 

For  immediate  reference  a  table  of  the  monthly  averages  of  the 
chemical  analyses  of  the  effluent  and  of  the  sewage  from  which  the 
effluent  came,  and  the  percentage  which  the  former  is  of  the  latter, 
is  here  presented. 

This  table  includes  also  the  average  daily  quantity  of  effluent  in 
giiUons,  which,  if  multiplied  by  200,  will  give  the  rate  per  acre.  It 
also  gives  the  temperature  of  the  effluent,  and  the  average  number 
of  bacteria  found  in  a  cubic  centimeter  of  the  effluent. 

The  effluent  is  compared  with  sewage  from  which  it  came,  esti- 
mating 700  gallons  to  be  held  in  the  sand  after  it  is  drained,  and  that 
this  amount  is  to  be  pushed  out  before  liquid  from  the  new  sewage 
reaches  the  bottom. 

Monthly  Averages  of  Daily  RemUa  loUh  Tank  No,  6. 


1888, 

Jan.  1-14,  . 

Jan. 12-24, 
Jan.  15-Sl, 

Jan.  3&.7eb.  24, 
February, . 


Feb.25-Mar.22, 
March,       .        I 

Mar.23-Apr.22, 

April,   *;    : 


Efflaent, . 

Sewage,  . 
Kffluent, . 
For  cent., 

Sewa^,  . 
Efflaent, . 
Per  cent., 

Sewage,  . 
Effluent, . 
Per  cent.. 

Sewage,  . 
Efflaent, . 
Per  cent.. 


620 


191 


168 


171 


EVAfH:)BATIOM. 


il 


.51 


1.80 

28.65 
9.69 
84 

14.01 
0.10 
05 

17.88 
8.41 
47 

46.00 
0.74 
21 


.0001 

1.3367 
.2073 
17 

.0983 
.2034 
20 

.6436 
.2460 
46 

1.0038 
.2116 
10 


.00'i7 
.0169 
1.0 

.4683 
.0374 


3685 
0183 
8.6 

7410 
U131 
1.8 


.0032 

2.1414 
.2242 
10 

1.4666 
.3308 


.0120 
.2603 


1.8348 
.2247 
12 


2.60 
2.66| 


2.461 
2.37 


2.18 
2.25: 


3.14 
2.73 


NiTROOKH 


.017 


.006 
.043 


.004 


.007 
.000 


.007 
.041 


.00^2 
.00U5 


.0006 


'A 


60 
26.256 


6,107 


2,618 


280 
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Monthly  Averages  of  Daily  ResuUa  with  Tank  No. 

6- 

Concluded. 

1' 

RKfllDUK  CM 

Cvapuration. 

Ajcmokia. 

1 

KITROOBV 

A8 

1 

ih 

Datb. 

P 

1 

1 

1 

< 

1 

1 

S 

1888 -Con. 
Apr.  23-May  19, 
May,  .        .        . 

Sewage,  . 
Effluent, . 
Per  cent.. 

173 

36.59 
10.98 
30 

43.00 
13.62 
82 

1.0500 
.1057 
10 

1.2919 
.0106 
.Son 

2.3419 
.1163 
5 

8.37 
2.92 

.007 
1.245 

.0029 
.0056 

4r 

19 

May20-Jane26, 
June, . 

Sewage,  . 
Effluent, . 
Per  cent.. 

228 

22.91 
12.48 
55 

28.60 
17.50 
61 

1.3515 
.0035 
.8ua 

.4677 
.0089 
1.9 

1.8192 
.0124 
.7on 

4.34 
6.02 

.008 
1.630 

.0005 
.0085 

82* 
Of 

in 

June27-July24, 
July,  .       .       . 

Sewage, . 
Effluent, . 
Per  cent.. 

387 

15.04 
6.31 
42 

26.60 
26.73 
100 

1.71JW 
.0032 
.2on 

.3780 
.0128 
3.4 

2.0850 
.0160 
.8on 

6.96 
7.91 

.009 
.996 

.0002 
.0017 

60* 
70* 

164 

Jaly25-Aug.22, 
August, 

Sewage,  . 
Effluent, . 
Per  cent., 

211 

65.21 
3.66 
6 

64.68 
22.73 
42 

2.7524 
.0130 
.5ofl 

1.1090 
.0122 
1.1 

8.8614 
.0252 
.7on 

6.62 
6.26 

.011 
.725 

.0000 

.0110 

72- 
71* 

243 

Ang.23-Sept.26, 
September, 

Sewage,  . 
Effluent,. 
Per  cent.. 

176 

53.83 
2.07 

4 

70.55 
85.67 
50 

2.4600 
.0010 
.04ofl 

1.6026 
.0094 
.6ofl 

4.0625 
.0104 
.8ofl 

10.28 
10.46 

1.123 

.0000 
.0006 

66* 

161 

Scpt.26-Oot.26, 
October,    . 

Sewage,  . 
Effluent, . 
Percent., 

168 

18.04 
1.44 
8 

32.79 
22.23 
68 

2.0900 
.0003 
.01  on 

.4965 
.0062 
1.8 

2.5865 
.0065 

.Son 

6.67 
4.83 

.936 

.0000 

.0000 

52* 
56' 

217 

Oct.  27-Nov.  24, 
November, 

Sewage,  . 
Effluent, . 
Per  cent.. 

140 

14.84 
1.43 
10 

88.56 
21.13 
63 

2.0500 
.0008 
.04ofl 

.3991 
.0073 
1.8 

2.4500 
.0081 
.8ofl 

10.97 
4.36 

.010 
1.011 

.0000 
.0003 

4S* 
50' 

vji 

Nov.25-Deo.22, 
December, 

1888. 

Sewage,  . 
Effluent, . 
Per  cent.. 

121 

13.67 
1.34 
10 

30.74 
21.71 
71 

1.2600 
.0005 
.04ofl 

.3283 
.0074 
2.3 

1.5883 
.0079 
.6on 

7.70 
5.60 

.041 
.790 

.0000 
.0001 

45* 
41* 

18 

Dec.  23,  *8S-Jan. 

26, '89,    . 
January,    . 

Sewage,  . 
Effluent,. 
Per  cent., 

138 

11.10 
.69 
6 

22.98 
21.60 
94 

1.1560 
.0006 
.05on 

.3320 
.0072 
2.2 

1.4880 
.0078 
.5ofl 

4.70 
6.68 

.009 
.499 

.0008 
.0000 

44* 

1,605 

Jan.  27-Feb.  28, 
February, . 

Sewage,  . 
Effluent, . 
Per  cent., 

129 

11.55 
1.16 
10 

19.97 
16.24 
81 

1.8200 
.0021 
.2ofl 

.4600 
.0072 
1.6 

1.7800 
.0093 
.5on 

4.42 
3.24 

.010 
.601 

.0034 
.0000 

45" 
38- 

802 

Feb.  24-Mar.  26, 
March,       . 

Sewage,  . 
Effluent, . 
Per  ceut.. 

130 

12.88 
1.17 
9 

88.80 
20.27 
60 

1.7111 
.OOoO 
.3ofl 

.4389 

.0079 
1.8 

2.1600 
.0129 
.6on 

8.86 
3.81 

.011 
.922 

.0011 
.0005 

39* 
S9' 

120 

Mar.27-Apr.26, 
April.         .        . 

Sewage,- . 
Effluent, . 
Per  cent.. 

137 

13.60 
1.23 
9 

25.64 

26.21 
102 

2.2533 
.0008 
.04ofl 

.4967 
.0083 
1.7 

2.7600 
.0091 

.Son 

4.98 
3.08 

.009 
2.100 

.0001 
.0001 

4fl' 
46* 

9 

Apr.  27-May  25, 
May,  .        .        . 

Sewage,  . 
Effluent, . 
Per  cent.. 

134 

16.73 
1.34 
8 

25.64 

29.44 
115 

2.0989 
.0008 
.04ufl 

.4367 
.0075 
1.7 

2.5356 
.0083 
.3ofl 

5.35 
4.78 

.001 
2.129 

.0000 
.0000 

60- 

69' 

"3 

May26-June27, 
June, . 

Sewage,  . 
Effluent, . 
l*er  cent.. 

168 

24.62 
1.64 

7 

28.98 
25.66 
95 

2.5589 
.0068 
.3ofl 

.5733 
.0109 
1.9 

3.1322 
.0177 
.6on 

5.56 
4.65 

1.868 

.0005 

6r 

72 

June  28-JuIy  27, 
July,  .        .        . 

Sewage.. 
Effluent, . 
Per  cent.. 

219 

25.29 
2.17 
9 

87.64 
22.17 
69 

2.5067 
.0032 
.lofl 

.7044 
.0105 
1.5 

3.2111 
.0137 
.4on 

7.05 
4.89 

.000 
1.111 

.0000 
.0008 

72* 
70- 

867 

Jnly28-Aug.29, 
August, 

Sewage,  . 
Efflueut, . 
Per  cent., 

215 

21.40 
1.63 
8 

42.13 
26.67 
63 

1.9611 
.0049 
.2orl 

.6700 
.0107 
1.6 

2.6311 
.0156 
.6ofl 

4.71 
5.96 

.000 
1.600 

.0000 
.0000 

70- 
68* 

733 

Aug.30-Sept.26, 
Beptembcr, 

Sewage,  . 
Effluent, . 
Per  cent., 

195 

43.14 
2.60 
6 

64.63 
26.60 
41 

1.9487 
.0029 
.lofl 

1.1413 
.0103 
.9ofl 

3.0900 
.0132 
.4ofl 

4.1S 
,4.72 

.000 
1.500 

.0000 
.0004 

67- 
66' 

i,m 

Sept.  27-Oct.  29, 
October,     . 

Sewage.  . 
Effluent, . 
Per  cent.. 

m 

29.91 

81.67 

1.0893 
.0036 
.2ufl 

.8436 
.0100 
1.2 

2.8329 
.0136 
.5on 

4.98 
4.27 

.000 
1.880 

.0001 
.0003 

62" 
55' 

261 
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The  ammonias  of  the  eiBuent,  which  had  been  0.0032  parts  per 
100,000  when  water  was  filtering,  rose  to  0.2860  parts  at  the  end  of 
eleven  days,  when  all  of  the  original  water  had  been  pushed  out  of 
the  tank ;  and  in  the  month  of  February,  while  frost  interfered  the 
most  with  the  even  distribution  of  sewage  through  the  tank,  they 
rose  on  one  day  to  0.6400  parts,  of  which  albuminoid  ammonia  was 
0.0900  parts.  These  are  the  highest  ammonias  that  have  been  found 
in  the  effluent  from  this  tank.  For  the  month  of  February  the  sum 
of  ammonias  averaged  0.3308  parts,  which  is  23  per  cent,  of  the 
ammonias  of  the  sewage.  The  albuminoid  ammonia  averaged  0.0374 
parts. 

During  March  no  nitrification  occurred ;  the  albuminoid  ammonia 
was  much  less,  averaging  0.0133  parts,  or  less  than  4  per  cent,  of 
that  of  the  sewage ;  and  the  sum  of  the  ammonias  averaged  0.2593 
parts,  or  28  per  cent,  of  that  of  the  sewage,  which  was,  this  month, 
unusually  dilute,  owing  to  the  large  amount  of  rain  and  melting 
snow. 

The  continual  decrease  of  albuminoid  ammonia  in  the  eflluent  from 
the  middle  of  February  to  the  first  of  April,  until  it  became  less 
than  four  per  cent,  of  that  of  the  sewage,  shows  that  with  intermit- 
tent filtration  in  this  filter  purification  reached  a  good  degree  of  com- 
pleteness, by  the  destruction  of  nearly  all  of  the  nitrogenous  organic 
matter,  before  nitrification  began. 

During  April  the  ammonias  of  the  effluent  continued  nearly  con- 
stant, averaging  0.2247  parts ;  but,  the  applied  sewage  being  stronger, 
the  percentage  is  reduced  to  12.  The  free  ammonia  averaged  0.2116 
parts,  or  19  per  cent,  of  that  of  the  sewage ;  and  the  albuminoid 
ammonia  0.0131,  or  1.8  per  cent,  of  that  in  the  sewage. 

Partial  Purification  by  Nitripication. 

Nitrification  began  and  progressed  very  slowly  during  the  month 
of  April. 

In  the  three  foUoMjing  months,  while  nitrification  was  very  active, 
the  albuminoid  ammonia  changed  but  little ;  but  the  free  ammonia 
decreased  very  rapidly,  until  it  became  less  than  one-tenth  of  one 
per  cent,  of  that  of  the  sewage. 

The  rapid  increase  in  nitrification  began  with  May.  On  the  fifth, 
after  a  few  days  suspension  of  operations,  because  the  freshet  brought 
the  river  water  above  the  outlet  of  the  tank,  the  nitrates  had  reached 
0.200  parts.  They  rose  very  rapidly  to  3.000  parts  on  the  twenty- 
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fifth  of  the  month ;  were  2.500  parts  on  June  2,  and  3.200  parts  on 
June  6 ;  after  which  they  fell  to  0.550  parts  on  July  1,  but  rose 
again,  averaging  0.996  parts  for  the  month  of  July. 

The  quantity  of  sewage  applied  was,  on  June  18,  increased  from 
150  to  300  gallons  per  day,  and  continued  at  this  amount  daily,  untQ 
August  13,  when  it  was  reduced  to  150  gallons. 

Nitrification  Checked  by  Sewage  remaixixg  upon  the  Surface, 
BUT  AGAIN  Increased  when  the  Quantity  was  Reduced. 

The  continued  daily  application  of  300  gallons,  which  was  at  the 
rate  of  60,000  gallons  per  acre,  was  more  than  this  material  could 
then  bear  while  the  surface  remained  undisturbed.  A  leathery  scurf, 
about  one-eighth  of  an  inch  thick,  continually  damp,  formed  upon 
the  surface  of  the  sand,  and  prevented  the  sewage  disappearing  as 
promptly  as  formerly ;  instead  of  disappearing  in  one  hour,  four  or 
five  hours  were  required  by  the  first  of  August;  and  this  time 
rapidly  increased,  until,  in  the  middle  of  August,  the  surface  was 
continually  covered  from  day  to  day.  As  a  consequence,  the 
nitrates,  which  on  August  4  were  1.300  parts,  decreased  to  0.075 
parts  on  August  18. 

On  August  13  the  daily  quantity  was  reduced  to  150  gallons ;  and 
in  about  ten  days  the  leathery  scurf  separated  into  small  patches 
and  curled  up  in  the  sun,  and  the  applied  sewage  disappeared  in  less 
than  half  an  hour. 

The  nitrates  again  increased  to  2.000  parts  on  August  29,  and, 
with  the  same  quantity  continued,  averaged  1.123  parts  for  the 
month  of  September. 

Nitrification  and  Purification  vary  with  the  Condition  of 

the  Surface. 

With  the  increase  in  nitrates,  which,  in  May,  averaged  1.245  parts, 
the  free  ammonia  decreased  rapidly,  and  averaged  0.1057  parts,  or 
ten  per  cent,  of  that  of  the  sewage ;  and  th^  albuminoid  ammonia 
also  decreased,  averaging  0  0106  parts,  or  eight-tenths  of  one  per 
cent,  of  that  of  the  sewage. 

With  the  continued  higher  nitrates  in  June,  which  averaged  1.539 
parts,  the  free  ammonia  continued  decreasing  while  150  gallons  per 
day  were  applied,  till  it  became  but  0.0004  parts ;  and  the  albumi- 
noid ammonia  changed  but  little,  becoming,  at  the  lowest,  0.0060 
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parts.  Then  the  ammonias  were  less  than  in  the  ordinary  drinking 
water  supplies  of  the  State.  After  June  18  the  quantity  applied 
was  doubled,  being  at  the  'rate  of  60,000  gallons  per  acre  per  day ; 
and  the  ammonias  increased  somewhat,  making  the  average  for  the 
month  0.0035  parts  of  free  ammonia,  or  three-tenths  of  one  per 
cent,  of  that  of  the  sewage ;  and  0.0089  parts  per  100,000  of  albu- 
minoid ammonia,  or  1.9  per  cent,  of  that  of  the  sewage. 

During  the  first  three  weeks  of  July,  while  the  300  gallons  applied 
daily,  disappeared  in  from  one  to  three  hours,  the  nitrates  increased, 
and  were,  on  July  21,  1.370  parts,  the  free  ammonia  was  but  0.0018 
parts,  and  the  albuminoid  ammonia  0.0102  parts ;  but,  as  the  time 
that  the  sewage  remained  on  the  surface  increased,  the  ammonias  in- 
creased; and  when  the  sewage  and  the  rainfall  kept  the  surface 
covered  for  several  days,  the  free  ammonia,  on  August  11,  had 
increased  to  0.0332  parts,  and  the  albuminoid  ammonia  to  0.0150 
parts. 

After  the  quantity  applied  had  been  reduced,  and  the  scurf  upon 
the  surface  had  dried  and  curled  up,  so  that  air  could  enter  the  sand, 
the  nitrates  increased  and  the  ammonias  again  decreased ;  the  free 
ammonia  being,  on  August  29,  0.0016  parts,  and  the  albuminoid 
ammonia  0.0102  parts. 

In  September  the  free  ammonia  decreased  to  0.0004  parts,  aver- 
aging 0. 00 10  parts;  and  the  albuminoid  ammonia  decreased  to  0.0052 
parts,  averaging  0.0094  parts ;  and  the  sum  of  the  ammonias  aver- 
aged for  the  month  but  one-quarter  of  one  per  cent,  of  those  of 
the  sewage. 

The  nitrogen  in  the  effluent,  as  nitrites,  was  low  during  the  spring 
of  1888,  averaging  0.0006  parts.  This  increased  during  May,  and, 
on  June  1,  amounted  to  0.0133  parts;  after  which  the  quantity  fell 
to  0  00O2  parts,  in  the  latter  part  of  June.  It  was  higher  again  in 
July,  averaging  0.0017  parts;  and  in  August,  when  the  surface  of 
the  tank  was  covered  with  sewage  much  of  the  time,  the  nitrites 
increased  and  were  very  irregular,  averaging  for  the  month  0.0110 
parts.  After  the  sewage  again  disappeared  rapidly  from  the  surface, 
the  nitrites  decreased,  and  in  the  latter  half  of  September,  and 
through  October,  were  not  present  in  the  effluent. 

During  October  the  quantity  of  sewage  applied  was  continued  as 
before,  — 150  gallons  daily,  —  except  that  on  Saturdays  300  gallons 
were  applied,  and  none  was  applied  on  Sundays ;  but  in  the  latter 
part  of  the  month,  there  being  much  rain,  the  sewage  remained 
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on  the  surface  several  hours;  and,  on  the  first  of  November,  a 
change  was  made  in  the  application.  From  this  time  on,  for  seven 
months,  300  gallons  were  applied  every  other  day,  except  that, 
when  the  time  for  application  came  on  Sunday,  there  was  an  inter- 
mission of  two  days.  During  these  seven  months  the  average  daily 
application  of  sewage  was  at  the  rate  of  25,714  gallons  per  acre  per 
day. 

Snow  Excluded  from  the  Tank, 

Another  change  is  to  be  noted ;  from  Nov.  22,  1888,  to  March 
12,  1889,  this  tank  was  covered  with  canvas  stretched  over  a  frame, 
to  exclude  snow.  At  all  other  times  the  surface  of  the  tank  has 
been  exposed  to  snow  and  rain  and  wind  and  sunshine. 

In  October  the  nitrates  were  somewhat  higher  in  the  latter  part 
of  the  month,  and  averaged  0.936  paits.  In  November  they  were 
quite  constant,  averaging  1.011  parts.  The  applied  sewage  had 
temperatures  varying  from  52°  to  44°  Fah. ;  and  the  effluent  varied 
from  54°  to  43°. 

In  December  the  temperatures  were  a  little  lower,  being,  when 
applied,  46°  to  40°,  and  at  the  outlet  43°  to  38°.  The  nitrates  were 
also  lower,  averaging  0.790  parts. 

In  January  and  February,  1889,  the  applied  sewage  was  from  44° 
to  46°.  In  the  former  month  the  effluent  was  from  37°  to  4P, 
averaging  39°  ;  and  in  the  latter  month  the  effluent  was  from  36°  to 
39°,  averaging  38. 

The  nitrates  of  the  effluent,  for  these  months,  were  0.499  parts 
and  0.501  parts  respectively. 

It  is  of  importance  to  notice,  that,  although  the  temperature  of  the 
effluent  was,  for  the  whole  month  of  February,  below  that  at  which, 
the  year  before,  nitrification  first  began,  yd;,  being  in  operation  the 
second  winter,  it  continued  quite  actively  through  temperatures  two 
or  three  decrees  lower. 


^O' 


Degree  of  Completeness  of  Nitbification. 

The  true  measure  of  the  relative  completeness  of  nitrification  at 
different  times  is  not  the  amount  of  nitrogen  that  appears  in  the 
effluent  as  nitrates,  but  is  the  percentage  which  this  amount  is  of 
the  total  nitrogen  applied  in  the  sewage.  These  percentages  for 
each  month'  after  nitrification  became  active  are  given  in  the  follow- 
ing table :  — 
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Percentage  of  the  Total  Nitrogen  applied  in  the  Sewage  that  appears  in  the 

Effluent  as  Nitrates. 


Nitrogen 
In  Sewage 
applied. 

Nitrates 
in  Effluent 
corrected 

for 
Quantity. 

Per  Cent. 

Quantity 

of 
Effluent. 

Oallona. 

Tbmpkratusk. 

Date. 

Sewage. 

Effluent 

18SS. 

3J«»y.      •     •• 

2.9867 

1.880 

46 

173 

4r 

52* 

June, 

.. 

1.8887 

1.549 

88 

223 

«2» 

64* 

July,        .       . 

S.0847 

.978 

48 

287 

69* 

70' 

Aognat,   . 

4.0868 

.761 

18 

211 

ir 

71* 

September, 

4.6463 

1.265 

27 

175 

6r 

66* 

October,  . 

2.6281 

1.013 

40 

168 

br 

65* 

Norember, 

2.8302 

1.189 

49 

140 

48* 

50* 

T>eeeniber, 

1.6128 

.773 

48 

121 

45* 

41* 

January,  . 

IS89 

• 

1.6022 

.457 

80 

188 

44- 

89* 

February, 

1.8402 

.495 

27 

129 

45* 

88* 

March,     . 

2.1350 

.926 

48 

180 

89* 

80* 

April.      . 

2.6714 

2.212 

88 

187 

46« 

46* 

May,        . 

2.4383 

2.265 

98 

134 

60* 

59* 

June, 

3.088& 

1.801 

60 

168 

67* 

66* 

July.        .        . 

8.2107 

1.150 

30 

219 

72* 

70* 

Auguat,    . 

2.7060 

1.522 

56 

215 

70* 

68* 

September, 

8.4607 

1,465 

42 

195 

67' 

66* 

October,  . 

3.0148 

1.894 

63 

228 

52- 

55* 

Nitrification  continues  Active  through  the  Winter. 

By  this  table  we  see  that  during  the  four  cold  months,  December 
to  March,  the  nitrates  averaged  0.6627  parts,  which  is  lower  than  in 
the  previous  foar  months,  when  they  averaged  1.0420  parts;  but 
the  nitrogen  applied  in  the  four  cold  months,  which  averaged  1.7747, 
was,  to  a  greater  degree,  less  than  the  nitrogen  applied  in  the  pre- 
vious four  months,  when  it  averaged  3.3991  parts ;  so  that  the  nitro- 
gen in  the  form  of  nitrates  in  the  efBuent,  in  the  four  cold  months, 
formed  a  higher  percentage,  87  per  cent.,  of  the  nitrogen  applied  in 
the  sewage ;  and  nitrification  was  therefore  more  complete  than  in 
the  previous  four  months,  when  the  nitrogen  of  the  nitrates  formed 
31  per  cent,  of  the  applied  nitrogen. 

The  winter  of  1888-89  was  warmer  than  usual,  particularly  in 
Januarj',  which  was  about  8°  warmer  than  the  average ;  but  in  Feb- 
ruary tiie  average  daily  minimum  temperature  was  12^,  which  is  a 
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little  lower  than  in  the  average  year ;  and  the  lowest  tcmperatarc  of 
the  month  waa  7°  below  zero. 

There  was,  during  this  month  of  February,  from  one  inch  to  five 
inches  in  depth  of  frost  in  the  upper  hiycrs  of  the  filter;  but  the 
sewage  disappeared  quite  freely  over  all  piiiis  of  the  surface,  and, 
with  the  temperature  of  the  effluent  as  low  as  37°  for  half  of  the 
month,  nitrification  continued  actively. 

In  March  the  sewage  was  applied  for  two  weeks  at  te-nperaturcs 
from  35°  to  38° ;  and  the  corresponding  effluent  was  from  3G*^  to 
39° ;  and  during  this  time  the  nitrates  increased  from  0.600  partes 
to  1.000  parts.  As  the  temperature  of  the  effluent  rose  to  42°,  at 
the  end  of  the  month  the  nitrates  increased  to  1.500  parts.  They 
averaged  for  the  month  0.922  parts,  and  formed  43  per  cent,  of  the 
total  nitrogen  applied  in  the  sewage.  There  was  no  succession  of 
extremely  cold  days  this  winter,  like  that  of  January  of  the  pre- 
vious winter;  and  we  have  not  yet  bad  opportunity  to  carry  the 
filtration  through  such  a  winter  since  nitrification  began.  But,  by 
applying  the  sewage  through  March  at  a  temperature  from  C°  to  10^ 
lower  than  it  is  likely  to  come  from  a  sewer  of  the  separate  system 
of  sewerage,  the  liquid  within  the  sand  has  been  kept  for  four 
months  at  as  low  a  temperature  as  it  is  likely  to  hold  in  any  winter 
in  this  climate,  in  a  filtering  area  whose  surface  is  protected  from 
snow;  from  which  we  conclude,  that  purification  by  nitrification 
will  continue  efficiently  through  the  coldest  winters  of  this  State,  in 
a  filtering  area  of  material  like  that  of  Tank  No.  6,  if  the  surface 
is  protected  from  snow. 

During  April,  1889,  the  temperature  of  the  effluent  gradually 
increased  to  53°,  and  the  nitrates  increased  to  3.000  parts. 

In  May  the  temperature  rose  to  63° ;  but  the  nitrates  decreased 
to  1.700  parts,  averaging  2.129  parts. 

The  free  ammonia  of  the  effluent  continued  very  low  through  Octo- 
ber, November,  December,  1888,  and  January,  1889,  l>eing  but  a 
fraction  of  one-tenth  of  one  per  cent,  of  that  of  the  sewage,  ami 
averaging  0.0005  parts.  In  February  it  averaged  0.0021  parts,  or 
two-tenths  of  one  per  cent,  of  that  of  the  sewage.  In  March  it 
averaged  0.0050  i)arts,  or  three-tenths  of  one  per  cent,  of  that  of 
the  sewage.  In  April  and  May  it  averaged  0.0008  parts,  or  four 
hundredths  of  one  per  cent,  of  that  of  the  sewage. 

The  albuminoid  ammonia  was  nearly  constant  from  October,  1888, 
through  May,  1889,  the  monthly  averages  being  from  0.0062  parts 

Digitized  by  V^OOQ IC 


FILTRATION  OF  SEWAGE.  403 

to  0.0083  parts,  and  the  mean  0.0074  parts,  or  one  and  eight-tenths 
per  cent,  of  that  of  the  sewage. 

Kesultino   Pukification  when  Filtering  27,400  GalIjONS  per 

Ague  Daily. 

The  constant  condition  of  the  effluent  from  Oct.  1,  1888,  to  Juno 
1,  1880,  shows  what  may  be  expected  from  a  filter  of  this  material, 
four  feet  in  depth,  when  filtering  this  quantity  of  sewage. 

Mean  result  for  eisrht  months :  — 


■o*- 


Daily  quantity  of  effluent,  27,400  gallons  per  acre. 

Pnrtu  per 
100,000/ 

Loss  on  ignition,        .  1 .  22. 

Fixed  residue,    .  22.35. 

Free  ammonia,    .        .  0.0014  or  0.08  of  1  per  cent,  of  that  in  the  sewage. 

Albuminoid  ammonia,  0.0074  or  1.8  per  cent  of  that  in  the  sewage. 

Sam  of  ammonias,     .  0.0088  or  0.4  of  1  per  cent,  of  that  in  the  sewage. 

Chlorine,    .        .        .  4.51 

Nitrogen  as  nitrates, .  1 . 1 1 1 1  or  54  per  cent,  of  the  total  niti*ogen  of  the  sewage. 

Nitrogen  as  nitrites,  .  0 .  000 1 . 

Bacteria  per  cubic  centimeter,  819,  or  1  in  2,000  of  those  in  the  sewage. 

The  surface  of  the  filter  was  not  worked  over,  nor  was  it  in  any 
way  disturbed  during  this  time  ;  and  it  had  less  sediment  upon  it  at 
the  end  of  the  eight  months  than  at  the  beginning ;  and  no  reason 
appeared  why  the  same  quantity  of  sewage  could  not  be  applied,  in 
the  same  way,  for  an  indefinite  number  of  years,  without  cleansing 
or  i-enewal  of  material,  with  a  like  result. 

The  efiluent  had  less  organic  impurity  than  ordinary  public  sup- 
plies of  drinking  water,  and  an  amount  of  inorganic  matter  not 
excessive  nor  known  to  be  objectionable,  being  made  up  in  large 
part  of  saltpetre  and  common  salt ;  and  had  a  less  number  of  bacteria 
than  many  drinking  waters. 

From  the  chemical  examinations  there  would  appear  no  valid 
reason  why  this  effluent  may  not  be  turned  into  a  drinking-water 
stream  ;  but  we  do  not  know  enough  of  the  possibilities  of  the  pres- 
ervation of  disease  germs  to  say  whether  they  may  form  a  part  of 
the  one  in  20,000  that  survive  the  passage.  Further  experiments 
should  be  made  to  determine  whether  any  of  the  known  disease- 
producing  bacteria  can  survive  such  a  passage  through  sand,  and,  if 
so,  whether  they  can  increase  in  numt>ers  in  the  resulting  effluent 
mingled  with  a  potable  water. 
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Resulting  Purification  when  Filtering  42,600   Gallons   per 

Acre  Daily. 

The  quantity  of  300  gallons  of  sewage  applied  three  times  a  week 
was  continued  until  June  18,  1889,  when  it  was  increased  to  500 
gallons  applied  three  times  a  week,  which  has  been  continued 
since ;  making  the  average  effluent  for  the  last  four  months,  July 
to  October,  1889,  42,600  gallons  per  acre  per  day. 

With  this  increased  quantity  there  was  a  small  decrease  of  the 
nitrates  for  a  month,  while  the  filter  was  becoming  adapted  to  its 
new  work ;  but  after  that  time  the  nitrification  was  as  complete  as 
in  the  other  efficient  filters.  In  the  month  after  the  change  the 
nitrogen  of  the  nitrates  formed  36  per  cent,  of  the  nitrogen  ap- 
plied, and  in  the  three  following  months  it  formed  56,  42  and  63 
per  cent. 

In  these  four  months  the  ammonias  hbve  been  nearly  constant, 
amounting  to  one-half  of  one  per  cent,  of  those  of  the  sewage. 
The  free  ammonia  has  averaged  0.0036  parts,  which  is  0.15  of  one 
per  cent,  of  that  of  the  sewage.  The  albuminoid  ammonia  has  aver- 
aged 0.0104  parts,  which  is  1.2  per  cent,  of  that  of  the  sewage; 
and  the  nitrogen  of  the  nitrates  has  averaged  49  per  cent,  of  the 
total  nitrogen  applied,  which  is  the  same  as  the  average  percentage 
in  the  eighteen  months  since  nitrification  became  active. 

There  is  no  apparent  accumulation  of  sediment  upon  the  surface, 
and  no  reason  is  suggested  by  the  action  of  the  filter  why  this  quan- 
tity of  sewage  may  not  be  purified,  as  well  as  at  present,  for  an 
indefinite  period.     A  larger  quantity  will  be  tried. 

Amount  op  Nitrogen  applied  compared  with  That  which  came 
OFF  AND  That  which  remained  in  the  Filter. 

We  have  already  found  that  in  filters  Noi  1  and  No.  2,  when 
purifying  efficiently,  only  about  fifty  per  cent,  of  the  nitrogen  that 
is  applied  in  the  sewage  has  been  found  in  the  eflluent ;  and  that  after 
the  first  year  there  was  no  increase  in  the  amount  of  nitrogen  stored 
in  the  sand.  Now  we  find  that  about  the  same  percentage  is  coming 
away  with  the  effluent  from  this  filter. 

The  quantity  of  nitrogen  stored  in  the  sand  at  different  depths, 
expressed  in  parts  per  100,000  of  the  weight  of  the  dry  sand,  has 
been  determined  for  several  dates,  as  described  under  Tank  No.  If 
and  placed  in  the  following  table. 


Digitized  by  VjOOQIC 


FILTRATION  OF  SEWAGE. 


405. 


Nitrogen  Stored  in  the  Sand  of  Tank  No.  6. 

[Put*  pw  100,000  of  walght.] 


DlSTANClS 

mRf.ow  ^CKFAcm. 
(Inches.) 

De- 
cember, 

18S8. 

June, 
1889. 

No-     1 

vember, . 

1889.    1 

DiSTANCI 
BKLOV  SCftTACK. 

(Inches.) 

De- 
cember, 
1888. 

June, 
1889. 

No- 

vembcrf 

I8S9. 

Qto.'i 

1 

2 

4. 

8 

86.60? 

25.60 

16.10 

8.45 

4.50 

55.65 
82.70 
21.80 
12.90 
6.85 

1 
84.21  , 

24.70  1 
16.85 

12 

18. 

34. 

36. 

44 

8.45 
8.40 
3.40 
3.40 
^.40 

3.85 
2.35 
1.75 
1.60 
1.60 

4.10 
2.50 
2.10 
2.10 
2.10 

Above  a  depth  of  thirteen  inches  below  the  surface  the  quantity  of 
nitrogen  has  continually  increased.  Below  this  depth  it  has  decreased 
since  the  first  year.  This  decrease  was  rapid  during  the  spring 
months  of  very  high  nitrification  ;  after  which  there  was  some  accu- 
mulation until  November,  when  there  was  two-thirds  as  much  as  in 
the  previous  December.  This  will  probably  be  reduced  again  by 
high  nitrification  of  the  following  spring.  In  the  upper  thirteen 
inches  in  depth  of  the  tank  the  increase  in  quantity  is  a  little  greater 
than  the  decrease  in  the  lower  part. 

The  changes  that  have  occurred  in  the  whole  tank  from  time  to 
time  are  given  in  the  following  table. 

Summary  of  the  Total  Nitrogen  applied  to  Tank  No,  6,  the  Amount  which  came 
away  in  the  Effluent,  and  (he  AmoufU  stared  in  the  Sand,  together  with  a  Balance 
unaccounted  for. 


' 

III 

fiS>3 

III 

"5^ 

III 

Amount  of  nitrogen  applied, 
Amount  came  off  In  effluent, 

11.68 
4.15 

36 

30 
34 

3.98 

2.34 

1 

50 

-U 
52 

8.13 
4.19 

61 

16 
83 

23.79 
10.68 

45 

Difference.      .... 
Amount  stored  In  tank, 

7.63 
8.53 
4.00 

1.64 
—  .43 

8.04 
1.28 
2.66 

13.11 
4.38 

18 

Amount  not  accounted  for,   . 

2.07 

8.73 

37 

In  the  first  year,  36  per  cent,  of  the  nitrogen  applied  came  away 
in  the  effluent ;  in  the  second  year,  54  per  cent. ;  and  in  the  whole 
time,  45  per  cent.  During  the  six  months  including  the  spring 
nitrification,  59  per  cent,  came  away.     The  amount  stored  in  the 
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sand  the  first  year  was  30  per  cent,  of  the  amount  applied ;  in  the 
second  year,  7  per  cent. ;  and  in  the  whole  time,  18  per  cent. 
During  the  six  months  that  include  the  spring  nitrification,  the 
amount  stored  was  diminished  by  a  quantity  equal  to  11  per  cent, 
of  the  amount  applied,  or  equal  to  12  per  cent,  of  the  amount 
stored  at  the  beginning  of  this  period.  It  is  remarkable  that,  during 
this  period,  when  only  59  per  cent,  of  the  nitrogen  applied  came 
away  in  the  effluent,  the  amount  stored  was  decreased  by  1 1  per 
cent,  of  the  amount  applied.  In  the  same  period,  when  72  per  cent, 
ciune  away  in  Ae  effluent,  from  Tank  No.  I,  there  was  a  decrease 
of  3  per  cent,  in  the  amount  stored  ;  and  from  Tank  No.  2,  67  per 
cent,  came  away  in  the  effluent,  and  12  per  cent,  was  stored.  From 
these  results  it  would  appear  that,  when  48  per  cent.,  69  per  cent, 
and  79  per  cent.,  or  from  one-half  to  three-quarters  —  averaging 
about  two-thirds  —  of  the  applied  nitrogen,  is  found  in  the  effluent, 
during  seasons  of  high  nitrification,  we  may  conclude  that  no  nitrogen 
is  being  stored  in  the  sand. 

We  may  conclude,  further,  that,  if  the  nitrogen  of  the  nitrates  of 
the  effluent  amounts  to  about  two-thirds  of  the  nitrogen  of  the 
applied  sewage,  the  nitrification  is  complete  ;  and,  if  more  than  this 
is  found  in  the  effluent,  it  is  probably  from  stored  nitrogen  being 
removed  from  the  sand. 

The  part  of  the  nitrogen  applied  to  Tank  No.  6  that  has  not  been 
found  in  the  effluent  nor  stored  in  the  tank,  in  the  first  year  was  34 
per  cent. ;  in  the  second  year  it  was  39  per  cent. ;  and  in  the  whole 
time  37  per  cent. 

In  the  three  tanks  for  which  this  has  been  determined,  the  part 
that  has  in  some  way  escaped  us  has  been,  in  No.  1,  30  per  cent.; 
in  No.  2,  31  per  cent. ;  and  in  No.  6,  37  per  cent. ;  or  an  average  of 
33  per  cent,  of  the  amount  of  nitrogen  applied.  We  have  yet  to 
learn  where  this  quantity,  so  nearly  constant  in  the  difierent  tanks, 
is  to  be  found.  It  may  have  escaped  into  the  air ;  but  we  do  not 
know  in  what  form.     Experiments  are  in  progress  to  seek  it. 

The  effluent  from  Tank  No.  6  has  been  from  the  firat,  colorless, 
and  remarkably  bright  and  clear.  In  February  and  March,  1889, 
the  chemist  observed  at  times  very  slight  sediment  and  scum ;  and 
a  bottle  filled  December,  1888,  after  standing  a  year,  shows  a  light- 
brown  sediment ;  but  all  recent  samples  are  without  sediment,  tur- 
bidity, color  or  odor.     It  appears  like  a  good  spring  water. 
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Bacteria  is  Effluent  from  Tank  No.  6. 

The  namber  of  bacteria  found  in  the  effluent  from  Tank  No.  fi,  hj 
couDtd  from  4  to  12  times  a  month,  is  given  in  a  table  at  the  end 
cf  this  section. 

When  city  water  was  applied  during  the  two  weeks  previous  to 
the  application  of  sewage,  the  number  in  the  effluent  averaged  59 
per  cubic  centimeter.  The  city  water  during  this  time  contained  98 
l)cr  cubic  centimeter. 

Upon  applying  sewage  containing  about  one  million  bacteria  per 
cubic  centimeter,  the  number  in  the  effluent  increased,  while  the 
sewage  was  pushing  the  water  in  the  tank  before  it,  to  64,839  per 
cubic  centimeter ;  but  the  conditions  for  their  continued  existence 
appear  to  bo  less  favorable,  probably  from  want  of  oxygen,  after 
the  sand  was  filled  with  liquid  from  the  sewage ;  and  after  January 
21,  their  number  rapidly  decreased  to  1,724  j^er  cubic  centimeter  in 
ten  days.  During  February  there  was  much  variatign  in  the  num- 
ber,—  from  74  to  23,236,  averaging  6,107  per  cubic  centimeter. 
In  March,  the  variation  was  from  186  to  10,257,  averaging  2,618 
per  cubic  centimeter,  —  or  one-sixth  of  one  per  cent,  of  the  number 
applied  in  the  sewage. 

The  continued  passage  of  sewage  through  the  filter,  and  perhaps 
its  more  even  distribution  throughout  the  whole  area,  causing  any 
particle  to  be  a  longer  time  in  passing  through,  appear  to  be  un- 
favorable to  the  life  of  bacteria;  and,  with  the  end  of  March,  we 
find  in  the  effluent  but  one  per  cent,  of  the  number  found  when  the 
greatest,  on  January  21.  But,  with  the  increase  in  temperature  and 
the  begining  of  nitrification  in  April,  the  number , decreased  still 
more;  and  with  the  nitrates  for  the  month  averaging  0.041  parts 
per  100,000,  the  bacteria  averaged  but  280  per  cubic  centimeter. 
More  striking  still  is  the  result  of  the  jnonth  of  May,  when  the 
nitrates  increased  to  an  average  of  1.245  parts ;  the  number  of  bac- 
teria averaged  but  19  per  cubic  centimeter ;  and,  when  the  nitrates 
were  the  highest,  the  number  of  bacteria  counted  was  but  3  per 
cubic  centimeter. 

These  facts,  substantially  repeated  as  they  are  in  nearly  all  of 
these  filters,  strongly  suggest  that,  while  bacteria  are  necessary  in 
the  process  of  nitrification,  the  process  of  nitrification  is  one  of  death 
to  bacteria.     The  average  number  of  bacteria  found  each  month  in 

the  effluent  from   this  tank  is   given   in  the   preceding  table   of 


Digitized  by  VjOOQ IC 


408 


FILTRATION  OF  SEWAGE. 


monthly  averages  of  daily  results  with  Tank  No.  6.  This  table 
includes  all  of  the  observations  upon  bacteria  in  the  effluent  until 
December,  1888,  and  nearly  all  of  these  were  taken  in  the  forenoon. 
From  this  time  on  through  the  second  year,  series  of  samples  taken 
at  different  hours  in  the  same  day  were  examined  from  time  to  time, 
with  results  which  show  that,  with  an  open  sand  like  this,  receiving 
large  quantities  of  sewage  at  intervals,  the  number  of  bacteria  varies 
much  from  hour  to  hour ;  and  that  a  single  sample  taken  befoi-e  the 
sewage  of  the  day  has  aflfected  the  flow  is  likely  to  give  much  too 
small  a  number  for  the  average  of  the  day ;  and  a  sample  taken 
while  the  sewage  of  the*  day  is  causing  the  greatest  flow  of  effluent 
would  give  much  too  high  a  number. 

Examples  of  occasions  when  the  number  of  bacteria  increased  in 
a  very  marked  manner,  when  the  rate  of  flow  was  increased  by  the 
newly  applied  sewage,  are  presented  in  the  following  tables :  — 


Datk. 

Time. 

Rate  of  Flow, 
Cubic  Centi- 
meters    per 
Minute. 

Number      of 
Uaeteria  per 
Cubic  Centi- 
meter. 

Datb. 

Tfane. 

m 
laii 

c." 

IPs 
|l2l 

188S.       . 

18SS. 

eeo.28,       . 

4.32  p.x. 

- 

13 

Dee.  29,     . 

11.16  A.X. 

5,160 

719 

29.       .        . 

9.45  A.X. 

92 

20 

20,      .        . 

11.80  AX. 

4,880 

466 

29,        .        . 

10.15  A.X. 

94 

13 

29,      .        . 

11.45  A.X. 

8,640 

8M 

29,        .        . 

10.30  A.x. 

96 

46 

29,      .        . 

12.45  p.x. 

2,040 

4S 

Three  hundred  gallons  of  sewage  were  applied  between  9.56  and 
10.15,  and  all  had  disappeared  from  the  surface  at  11. 
On  July  9,  1889,  the  following  series  was  taken  :  — 


Tixx. 

Rate  of 
Flow,  Cubic 

Centi- 

metprs  per 

Minute. 

Number 
ofilacn-rla 
per  cubic 
Centimeicr. 

TlXK. 

Rate  of 
Flow,  Cubic 

Centi- 
meters net 

Minute. 

Xamber 
oflidcterls 

per  Cubic 
Centlmtfler. 

6.00  A.X., . 
6.00  A.X., . 
7.00  A.X.,. 
7.35  A.X.,, 
8.05  A.X.,. 
0.05  AX.,. 
0.28  A.X., . 
10.03  A.X., . 

50 

47 

42 

44 

44 

11,520 

9,360 

4,020 

8 

0 

8 

152 

18 

.  4,416 

2,025 

1,975 

1 

11.03  A.X., 
1.00  P.X., 
3.35  P.X., 
4.30  P.X., 
6.15  P.X., 
7.00  P.X., 
9.00  P.X., 

2,400 
1,200 
720 
580 
580 
425 
855 

936 
550 
850 
203 
» 

lis 

88 
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Five  hundred  gallons  of  sewage  were  applied  between  8.08  and 
8.41  A.M.,  and  all  had  disappeared  from  the  surface  at  8.48. 

Much  consideration  has  been  given  to  the  cause  of  this  increase 
in  number  with  the  increase  in  flow  ;  and  these  investigations  have 
been  complicated  by  quite  conflicting  results,  obtained  in  April  and 
May,  1889,  of  which  the  foIl(>wing  are  examples :  — 


Date. 

Time. 

m 
laii 

.Vumber      of 
Bacteria  per 
Cubic  Ceiiti- 
meier. 

Datk. 

Time. 

Rat«  of  Flow, 
tubic  Centi- 
meters    per 
Mtnute. 

Hi 

AprU  16,      . 

11.15  A.M.,     .        . 

43 

10 

May  27,      . 

8.10  a.m.,    .        . 

100 

7 

16»*    . 

11.35  to  11.54  A.M., 

- 

- 

28.*    . 

10.24  to  10.38  A.M., 

- 

18,      . 

2.04  p.m.,    . 

2.160 

28 

28,      . 

2  P.M., 

1,820 

5 

16,      . 

2.87  P.M.,    . 

1,910 

89 

28,      . 

5  p.m.,          .        . 

820 

1 

1«,      . 

5.05  p.m.,    . 

1,000 

87 

29.      . 

8.1SA.M.,     . 

198 

79 

17,      . 

9.15  A.M.,     .          . 

204 

11 

29,      . 

2.15  p.m.,    . 

144 

1 

17.      . 

4.46  p.m.,    .        . 

120 

5 

30,      . 

8.05  a.m.,    . 

80 

60 

May    25,      . 

8.10  a.m.,    .        . 

76 

0 

30,*    . 

9.55  to  10.16  A.M., 

- 

- 

25,*    . 

0.51to  10.17am., 

- 

- 

80,      . 

2  P.M.,           .         . 

1,520 

8 

25,      . 

2.95  p.m.,    . 

1,600 

1 

80,      . 

5.05  P.M.,     . 

780 

87 

25,      . 

4.50  p.m.,    .        . 

800 

1 

*  300  galloxia  of  sewage  applied. 

Here  we  find  the  increase  with  increased  rate  of  flow  very  slight 
in  April y  and  not  at  all  in  May,  and  the  number  in  the  effluent  very 
small  at  all  times. 

The  only  remarkable  differences  in  the  condition  of  the  filter, 
that  have  been  found,  are  shown  in  the  table  of  the  percentages  of 
the  nitrogen  applied  that  appear  in  the  effluent  as  nitrates,  where 
we  find  that  the  monthly  averages  of  these  percentages  in  December 
and  July  were  48  and  36  respectively,  and  in  April  and  May  they 
were  83  and -93.  That  is,  with  the  very  complete  nitrification  of 
April  and  May,  the  conditions  for  the  short  passage  of  only  four 
feet  through  this  filter  are  extremely  unfavorable,  if  not  entirely 
fatal,  to  the  more  than  1,000,000  bacteria  per  cubic  centimeter 
applied  in  the  sewage  in  those  months  ;  and  the  conditions  for  grow- 
ing in  the  underdrains  must  also  be  very  unfavorable  at  this  time. 

The  amount  of  ammonia  in  the  effluent  was  very  small  in  these 
two  months,  only  a  little  in  excess  of  excellent  spring  waters  ;  and 
it  was  about  three-quarters  as  much  as  in  December  and  July. 
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Later  experiments  upon  other  tanks  have  led  to  the  conclusion 
that  the  large  increase  in  numbers  of  bacteria  with  the  increased 
flow  is  not  due  simply  to  increased  velocity  of  movement  through 
the  sand,  but  is  due  to  the  following  conditions :  when  sewage  i^ 
applied  in  quantities  of  300  or  500  gallons  within  an  hour,  and 
none  is  again  applied  for  two  days,  we  find  that,  with  the  sand 
completely  underdrained,  nearly  all  the  water  that  can  leave  the 
sand  has  left  it  before  the  second  application.  The  water  is  then 
leaving  the  sand  in  occasional  drops,  amounting  to  less  than  a  gal- 
lon in  an  hour.  At  this  time  the  quantity  of  water  held  in  the 
sand  is  about  700  gallons.  This  is  held  in  thin  films  on  the  parti- 
cles of  sand,  and  suspended  between  their  nearest  points;  but  the 
air  space  in  the  sand  is  as  much  as  1,500  gallons.  When  500  gal- 
lons of  sewage  are  run  on  to  the  surface  in  thirty-five  minutes,  none 
is  to  be  seen  eight  minutes  later.  It  has  gone  into  the  space  pre- 
viously occupied  by  air;  and  the  most  forward  particles,  carrying 
their  bacteria,  pass  by  much  of  the  water  he^d  in  the  more  minute 
interstices,  and  push  on  rapidly  toward  the  bottom  ;  and,  within  an 
hour,  some  of  these  particles,  mingled  with  original  water  held  in 
the  tankf  reach  the  bottom,  bringing  a  small  fraction  of  the  number 
of  bacteria  with  which  they  started.  After  this,  the  percentage  of 
liquid  directly  from  the  sewage  in  the  efiluent  increases ;  but  the 
percentage  of  the  number  of  bacteria,  which  each  particle  of  sew- 
age brings  with  it,  decreases.  Processes  detrimental  to  the  survi- 
val of  bacteria  and  favorable  to  the  purification  of  the  sewage  begin 
immediately. 

In  this  st^ge  of  the  flow,  particles  —  which  from  the"  amount  of 
chlorine  are  evidently  from  sewage  —  that  were  fifteen  minutes 
longer  on  the  passage  than  those  which  came  in  the  efiluent  a  short 
time  before,  have  been  noticeably  more  completely  purified  from 
organic  matter  and  freed  from  bacteria  than  their  predecessors,  so 
rapid  are  the  chemical  processes  going  on  in  the  sand.  The  first 
eflBiuent,  that  contains  the  forward  particles  of  the  sewage  last  ap- 
plied to  the  very  open  sands,  generally  has  somewhat  higher  ammo- 
nias and  lower  nitrates  than  that  coming  through  later,  which  has 
been  longer  on  the  passage. 

In  April  and  May  we  unfortunately  have  no  counts  of  bacteria  in 
the  first  two  hours  or  more  after  sewage  was  applied.  It  is  proba- 
ble that,  within  the  first  hour,  the  number  was  greater  than  any 
observed ;  but  the  action  of  the  process  must  be  rapid  and  fatal, 
when,  two  to  three  hours  after  being  applied,  with  1,000,000  bac- 
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teria,  some  of  the  effluent,  containing  perhaps  one-quarter  of  its 
volume  of  applied  liquid,  has  but  28,  or  1,  or  5,  or  8  bacteria. 

It  may  be  that  none  get  through  the  sand  at  this  time,  and  that 
this  small  number  was  detached  from  those  growing  in  the  under- 
drains  by  the  increased  rapidity  of  the  current.  There  is,  how- 
ever, little  doubt  that  they  have  been  brought  through  the  sand 
when  the  time  of  passage  was  the  same ;  and  the  only  different  con- 
dition that  we  recognize  was,  less  completeness  of  nitrification. 

In  the  eighteen  months  after  nitrification  became  active,  —  from 
May,  1888,  to  October,  1889,  —  the  average  number  of  bacteria 
found  in  the  effluent,  as  counted  in  samples  taken  once  or  twice  a 
week,  generally  in  the  forenoon,  was  346,  or  about  one  in  2,000  of 
those  applied.  The  two  months  when  the  numbers  were  the  small- 
est were  April  and  May,  1889,  when  the  nitrates  were  the  highest 
and  the  nitrification  was  most  complete.  Then  the  numbers  aver- 
aged for  April,  9,  and  for  May,  3  bacteria  per  cubic  centimeter. 

There  were,  however,  occasions  in  June  and  July,  1889,  and  in 
other  months,  when  the  numbers  counted  at  other  days  and  hours 
than  ihobe  of  the  regular  collections  were  very  much  higher  than 
the  above  average  would  indicate.  These  are  given  in  a  table  at 
the  end  of  this  section,  and  some  of  them  will  now  be  examined. 


Increased  Number  of  Bacteria  probably  due  to  Holes  bored 
down  through  the  Sand  being  Imperfectly  Filled. 
On  July  2,  1889,  a  series  of  samples,  examined  chemically  and 
bacteriologically,  gave   results   so  m.u'ked   and   exceptional   as  to 
require  notice.     They  are  given  in  the  following  table  :  — 


. 

1 
6 
'S  . 

1^ 

Kksidur  ox 
Etai'okatiov. 

Ammomia. 

^ 

NlTKOOKW 

AS 

Date. 

i 

1 

1 

} 

i 

00 

h     '^ 

§ 

18M. 

Julys.    .        .        . 

10.00 

' 

- 

- 

- 

- 

- 

- 

- 

76 

- 

2.    .        .        . 

12.10 

26.1 

.0026 

.0102 

.0130 

5.76 

1.6000 

.0002 

3,498 

44 

2.    .        .        . 

2.38 

27.0 

.0094 

.0174 

.0268 

6.32 

1.4000 

1 

.0010 

69,700 

6.620 

2.    .       .        . 
2.    .        .        . 

2.50 

27.0 

.0116 

.0178 

.0294 

6.32 

1.1000 

.0011 

33,326 

19.600 
1.440 

6.& 

23.6 

.0020 

.0210 

.0230 

6.02 

1    .9000 

.0006 

28.080 

3.    .        .        . 

10.00 

24.4 

.0022 

.0122 

.0144 

6.90 

1.0000 

.0006 

10.234 

168 

8.    .        .        . 

3.00 

24.2 

.0014 

.0110 

.0124 

6.92 

1.0000 

.0002 

2.291 

126 

Five  hundred  gmllons  of  sewage  applied  from  1.40  to  2.31  on  July  2. 
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It  will  be  seen  that,  soon  after  the  sewage  was  applied,  the  bac- 
teria increased  to  very  unusual  numbers,  and  the  nitrates  decreased 
from  1.5  to  1.4  pails;  and  twelve  minutes  later  were  l.l  parts, 
followed,  two  and  a  quarter  hours  after,  by  0.9  parts,  and,  on 
the  next  morning,  were  1.0  pai*ts.  The  free  ammonia,  which, 
before  the  applieation  of  sewage,  was  0.0028  parts,  rose  with  the 
increased  flow  to  0.0116  parts,  and  the  next  day  fell  to  0.0014 
parts;  while  the  albuminoid  ammonia  rose  from  0.0102  parts  to 
(i.0210  parts,  and  again  fell  to  0.0110  parts. 

Such  marked  changes  in  the  chemical  composition  of  the  efflu- 
ent, as  well  as  in  the  number  of  bacteria,  have  not  been  found  in 
any  other  series  of  observations  upon  this  tank.  The  series  follow- 
ing in  the  same  month  show  much  less  marked  changes ;  and,  the 
farther  removed  from  this  date,  the  less  do  they  resemble  these. 

It  is  evident  that  some  of  the  sewage  applied  went  to  the  bottom 
of  the  tank  more  rapidly  than  usual,  giving  less  time  for  the 
destruction  of  bacteria  and  the  conversion  of  ammonia  into  nitrates. 

The  only  conditions  known  that  would  tend  to  bring  this  about, 
at  this  time,  are  these:  Two  weeks  before  this  date, — on  June 
18, — the  quantity  of  sewage  applied  was  increased  from  300  to 
500  gallons ;  and,  on  June  20,  a  hole  was  bored  down  through  the 
sand  to  near  the  bottom  of  the  tank,  for  the  purpose  of  taking  out 
samples  of  sai\d  at  diflfcrent  depths  for  chemical  and  bacteriological 
examination.  The  hole  was  two  inches  in  diameter,  and  the  sand 
removed  that  was  not  retained  for  examination  was  carefully  re- 
placed ;  but  it  may  be  that,  when  sewage  was  applied,  this  sand 
settled  and  formed  a  freer  passage  than  in  the  rest  of  the  area,  by 
which  some  sewage  reached  the  bottom  in  shorter  time  and  with 
less  purification  and  less  destruction  to  bacteria  than  usual. 

It  is  possible  that  the  unusually  high  counts  of  bacteria  made 
from  June  7  to  17  may  be  due  to  such  a  condition  following  May 
29,  when  a  similar  bole  was  bored  through  the  tank ;  although,  as  in 
the  case  above  given,  we  have  no  marked  indication  of  it  until  nine 
days  after  it  occurred.  A  hole  eight  inches  deep  was  also  dug  to 
obtain  samples  on  June  13. 

Other  irregularities  in  the  number  of  bacteria  may  be  due  to  a 
cause  like  that  just  mentioned.  Besides  the  dates  mentioned,  sand 
has  been  taken  out  for  examination  as  follows :  Dec.  10,  1888,  to 
the  depth  of  37  inches;  December  27,  to  the  depth  of  7  inches; 
Feb.  11,  1889,  to  the  depth  of  11  inches. 
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Many  millions  of  the  Bacillus  prodigiosus  were  put  upon  Tank 
No.  6  on  May  23,  1889,  and  examinations  made  three  times  a  day 
for  the  next  week ;  bat  none  were  found  in  the  effluent. 

Bacteria  in  the  Sand  op  Tank  No.  6. 
The  number  of  bacteria  in  a  gram  of  the  sand  of  Tank  No.  6, 
taken  from  different  depths  below  the  surface,  has  been  determined 
on  the  following  dates  of  1889  :  — 


DurrAHCK  bblow  the  Suwacb. 


Number  or  Bactekia  per  Orax  of  Sand. 


Feb.  11. 


May  39. 


Kov.  12. 


0  to  1^  Inch, 
KInch,     . 

K  to  5^  Inch,    . 
1 1nch,      . 

1  to  IJ^  inchM, 
1)^  to  1^  inehcfl, 
2kiche8,  . 

23»  inches, 

3  Inches,   . 

4  inches,  . 

5  Inches,  . 

6  inches,   . 

7  inches,  . 

8  Inches,  . 

11  inches, . 

12  inches, . 
18  inches, . 
14  Inches.. 
17  inches, . 
20  fatches, . 

24  Inches, . 

25  inches, . 
SO  Inches, . 
86  inches, . 
30  Inches, . 


137,800 

870,880 

128,800 

86,100 

68,638 

20,215 


126,400 
289,100 
263,800 
149,000 
33,900 
93,100 

20,300 
56,800 

4,600 
6,700 


10,900 
31,100 


83,431 


68,401 


182,013 


69,906 


8,750 


"26,666 


15,727 


860,000 
370,000 

411.000 

219,000 
202,500 
169,700 

64,000 
46.600 
21,600 

11.600 
16,900 


The  number  decreases  rapidly  below  the  upper  two  inches  in 
depth,  and  the  same  amount  of  sand  in  the  lower  two  feet  has  but 
6  per  cent,  as  many  as  in  the  upper  two  inches^ 
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Microscopic  Examination  or  Sand  and  of  Effluent. 

Examining  tho  sand  with  the  microscope  on  Nov.  12,  1889,  the 
grains  at  the  surface  were  found  to  be  much  cleaner  than  those  of 
No.  1  or  No.  2.  Ulothrix,  Rotifera,  Anguillula,  and  bacteria  chiefly 
in  Zoogloea,  were  found  with  the  sand  at  the  surface ;  but  no  micro- 
scopic organisms  were  found  below  the  surface  except  clots  f)! 
Zoogloea,  which  were  very  abundant,  appearing  on  almost  even 
grain  of  sand. 

Microscopic  examination  of  the  effluent  of  Tank  No.  6,  in  the 
summer  and  fall  of  1888,  indicated  Leptothrix,  in  half  of  the  sam- 
ples examined,  to  the  number  of  36  in  a  gallon ;  Monas,  on  two 
occasions  only,  to  the  number  of  6 ;  and  Rotifera,  about  one-third 
of  the  time,  to  the  number  of  4  in  a  gallon.  A  few  other  organ- 
isms were  found  on  two  or  three  occasions.  In  Novemlicr  and 
December,  1888,  no  organisms  were  found.  On  July  20  and  25, 
1889,  series  of  samples  were  examined;  and  the  only  organisms 
that  averaged  as  many  as  one  in  100  cubic  centimetei's  of  effluent 
were  Chlorococcus,  7,  and  Crenothrix,  1. 

If  any  of  these  microscopic  organisms  came  through  the  sand,  or 
if  the  spores  of  any  of  them  came  through,  it  is  evident  that  the 
conditions  are  very  unfavorable  for  them  either  to  come  through  the 
sand  or  to  live  in  the  uuderdrains. 

General  View  of  Results  with  Filter  No.  6. 

To  obtain  a  general  view  of  the  results  with  this  filter  of  mixed 
sands  and  fine  gravel  four  feet  in  depth,  an  examination  should  be 
made  of  the  diagram  of  daily  observations  accompanying  the  tiibles. 

There  we  shall  find  that  the  ammonias  of  the  efiSiuent  increased  for  a 
month  after  sewage  was  applied  ;  and  for  the  three  following  months, 
with  little  or  no  nitrification,  they  amounted  to  about  one-quarter  of 
the  ammonias  of  the  sewage.  But,  even  in  this  time,  the  albuminoid 
ammonia  was  high  only  in  the  month  of  February,  when  frost  pre- 
vented sewage  being  distributed  through  the  filter,  and  then  averaged 
but  8  per  cent,  of  that  of  the  sewage. 

Nitrification  began  with  April,  1888,  and  increased  very  rapidly, 
and  becstme  complete  in  May.  About  a  month  behind  the  incn 
in  nitrates  the  ammonias  decreased,  and  became  in  June  about  0.1)100 
parts  per  100,000 ;  and  for  the  next  seventeen  months  they  Vrere 
generally  a  little  above  or  below  this  quantity,  or  not  far  fromj  tbe 
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amounts  found  in  the  ordinary  drinking  waters  of  the'  State.  The 
occasions  when  the  ammonias  were  higher  were  in  July  and  August, 
1888,  in  March,  1889,  and  in  July,  1889. 

The  first  of  these  began  a  month  after  the  quantity  of  sewage  had 
been  increased  from  30,000  to  60,000  gallons  per  acre  per  day,  and 
the  surface  had  l)ecome  covered  with  a  deposit  of  organic  matter 
kept  continually  damp,  excluding  air  and  reducing  the  nitrates. 
Upon  reducing  the  quantity  applied  to  30,000  gallons  per  acre  per 
day,  the  scurf  curled  up  in  the  sun,  the  nitrates  increased,  and  the 
ammonias  were  soon  reduced  to  0.0070  per  100,000.  On  the  second 
occasion  —  in  March,  1889  —  there  was  a  slight  rise  after  two 
months  of  low  nitrates,  probably  favored  by  frost  in  the  upper 
layers  of  the  sand  ;  but  this  was  followed  by  an  increase  of  nitrates 
and  a  decrease  of  ammonias,  which  averaged,  for  the  month  of 
Alarch,  0.0129  parts,  or  only  0.6  of  one  per  cent,  of  those  in  the 
sewage. 

The* third  occasion  began  in  the  latter  part  of  June,  1889,  soon 
after  the  increase  in  quantity  from  27,000  to  43,000  gallons  of  sew- 
age upon  an  acre,  when  the  nitrates  also  decreased  for  a  time,  but  it 
was  only  while  the  tank  was  becoming  adapted  to  the  disposing  of 
the  increased  quantity  ;  and  in  the  following  month  of  July  the  sum 
of  ammonias  averaged  0.0137  parts,  or  only  0.4  of  one  per  cent,  of 
those  of  the  sewage ;  after  which,  by  continuing  the  large  quantity, 
the  nitrates  continued  to  include  increasing  percentages  of  the 
nitrogen  of  the  sewage,  until  in  October,  1889,  they  included  63 
per  cent,  of  the  nitrogen  of  the  sewage,  and  probably  no  nitrogen 
was  then  being  stored  in  the  tank. 

The  total  amount  of  nitrogen  stored  in  the  tank  from  the  begin- 
ning has  been  but  18  per  cent,  of  that  applied ;  and  the  amount 
stored  in  the  past  year  has  been  but  seven  per  cent,  of  the  amount 
applied  in  this  year. 

In  the  whole  time  since  purification  by  nitrification  began  in  June, 
1888,  there  has  been  removed  from  the  applied  sewage  99  J  per  cent, 
of  all  the  organic  matter.  This  has  been  done  when  filtering  42,- 
600  gallons  per  acre  per  day,  in  the  last  four  months,  as  well  as 
when  filtering  a  less  quantity. 

This  mixed  sand,  like  the  coai*se  sand  of  Tank  No.  1,  allows  some 
bacteria  to  go  through  it.  When  nitrification  is  quite  comi>lete,  the 
number  is  reduced  to  one  in  50,000  of  the  number  applied.  When 
nitrification  is  less  complete,  the  number  increases  sometimes  to 
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one-quarter  of  one  per  cent. ;  and  for  a  short  time  after  sewage  is 
applied  the  number  sometimes  has  reached  three  per  cent,  of  the 
number  applied. 

We  may  then  conclude  that  through  four  feet  in  depth  of  this 
mixed  sand  and  gravel  we  may  filter  42,000  gallons  of  sewage  per 
acre  daily,  for  an  indefinite  period,  removing  99J  per  cent,  of  the 
organic  matter,  as  shown  by  the  sum  of  the  ammonias ;  and  remov- 
ing ordinarily  a  much  larger  fraction  of  the  bacteria,  but  sometimes 
allowing  as  many  as  three  per  cent,  to  come  through  alive  for  a  frac- 
tion of  an  hour  soon  after  sewage  has  been  applied  after  a  long  inter- 
val. 

The  filtered  water  will  be  bright,  clear  and  colorless,  with  every 
appearance  of  good  spring  water. 

We  will  now  turn  to  learn  what  can  be  done  with  the  same  sand 
and  gravel  covered  with  a  layer  of  loam  and  of  garden  soil. 
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FILTER   TANK  No.  6. 

tmmmurr,  I8SS. 


01 

p 

if 

Rksidob  on 

EVAPOBATION. 

A^MOsriA. 

1 

NiTBOOBir  A8 

1 

1- 

|§ 

TmPEB- 

ATUXB. 

DATS. 

1 

1 

|l 

g 

00 

1 

i 

1 

i 

Ip 

272 

257 

. 

• 

. 

. 

„ 

« 

. 

« 

« 

» 

. 

2. 

272 

429 

0.60 

1.75 

.0004 

.0064 

.0058 

.24 

.0100 

Present. 

- 

- 

- 

3,       . 

272 

242 

- 

- 

- 

- 

- 

- 

- 

- 

- 

•  . 

- 

4.       . 

272 

214 

0.50 

1.75 

.0000 

.0028 

.0028 

.22 

.0090 

None. 

- 

- 

- 

5,       . 

272 

239 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

«,       . 

1,000 

938 

0.50 

1.80 

.0000 

.0028 

.0028 

.21 

.0200 

ProMnt 

- 

- 

- 

7.       . 

1.000 

811 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

8,       . 

1,000 

817 

- 

- 

- 

- 

- 

- 

- 

- 

4hl0m. 

- 

- 

ft.       . 

1,000 

947 

0.35 

1.80 

.0000 

.0006 

.0006 

.23 

.0120 

Preflcnt 

6h.25in. 

- 

- 

10.       . 

1,000 

975 

0.50 

1.85 

.0000 

.0028 

.0028 

.28 

.0230 

rresant. 

- 

- 

- 

u,     . 

1,000 

940 

0.60 

2.20 

.0004 

.0042 

.0040 

.25 

.0250 

Pretent. 

- 

- 

- 

12,       . 

800 

197 

- 

- 

- 

- 

- 

- 

- 

- 

-     • 

84* 

- 

13,       . 

800 

122 

0.60 

2.10 

.0002 

.0080 

.0032 

.87 

.0200 

.0006 

- 

36* 

- 

U,       . 

800 

268 

- 

- 

- 

- 

- 

- 

- 

- 

- 

36' 

- 

15,       . 

800 

801 

2.50 

5.80 

.0074 

.0188 

.0202 

1.94 

.0850 

.0013 

- 

88* 

- 

16,       . 

800 

836 

2.45 

6.65 

.0378 

.0140 

.0518 

1.94 

.1100 

.0015 

- 

9F 

- 

17,       . 

800 

233 

2.85 

8.15 

.0772 

.0188 

.0960 

2.31 

.1100 

.0150 

- 

W 

- 

18,       . 

800 

193 

2.80 

8.85 

.0940 

.0196 

.1186 

2.51 

.0800 

Preient 

- 

w 

- 

M,       . 

800 

217 

- 

- 

- 

- 

- 

- 

- 

- 

- 

86- 

- 

20,       . 

800 

250 

3.70 

9.00 

.1214 

.0154 

.1368 

2.37 

.0360 

.0060 

- 

84* 

- 

21.       . 

80Q 

240 

- 

- 

- 

- 

- 

- 

- 

- 

- 

85* 

- 

22,       . 

800 

221 

- 

- 

- 

- 

- 

- 

- 

- 

- 

85* 

- 

23,       . 

265 

206 

2.30 

11.10 

.2700 

.0160 

.2860 

8.03 

.0100 

Present 

- 

86» 

- 

24,       . 

160 

163 

2.30 

11.00 

.2230 

.0210 

.2440 

8.09 

.0090 

None. 

- 

34' 

- 

25,       . 

150 

149 

1.55 

11.00 

.3230 

.0210 

.3440 

2.70 

.0080 

Present 

- 

85* 

- 

26,       . 

150 

141 

- 

- 

- 

- 

- 

- 

- 

- 

- 

34* 

- 

27,       . 

150 

140 

1.25 

10.25 

.8010 

.0130 

.3140 

2.40 

.0070 

Present 

- 

36* 

- 

28,       . 

150 

137 

- 

- 

- 

- 

- 

- 

- 

- 

- 

86* 

- 

20.       . 

150 

118 

- 

- 

- 

- 

- 

- 

- 

. 

- 

vr 

- 

30,       . 

150 

98 

2.10 

11.80 

.9980 

.0180 

.4110 

8.52 

.0080 

.0001 

- 

86* 

- 

31,       . 

160 

94 

2.00 

11.90 

.4270 

.0150 

.4420 

8.47 

.0070 

.0004 

- 

40* 

85' 

January  12. — First  sewage  applied.  January  1. — One  Inch  of  snow  on  surface.  January  6.— Oof- 
elghth  inch  of  ice.  January  12.  — One-half  inch.  January  14.  — One  inch.  January  16.  ~  Two  Inehf*- 
Jnnnary  17.  —  Two  and  onequirter  inches.  January  18.  —  Two  and  one-half  inches.  January  6.— loe 
removed  from  surface.  January  9. — Second  500  gallons  water  applied  disappeared  In  1  hour  SI 
minutes. 

Total  effluent  to  end  of  month,  8,833  gallons. 
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Filter  Tank  No.  &— Condnued. 

Veknuuqr,  18SS. 


Rksidub  on  I 

EVAPUBATIOH. 

Ammokia. 

, 

KITBOGBW  AS 

Trmpbr- 

ATURK. 

DATS. 

1- 

' 

i 

A 

^ 

1 

s 

1 

1 

«2 
1 

1,     .     .     . 

160 

127 

1.50 

11.80 

.8330 

.0100 

.8690 

8.06 

.0080 

.0006 

40* 

84* 

2.    . 

150 

120 

- 

- 

- 

- 

- 

- 

- 

- 

36' 

84* 

a.   . 

150 

175 

1.20 

0.60 

.2320 

.0110 

.2430 

2.23 

.0000 

.0014 

43' 

36* 

4.   . 

150 

108 

- 

- 

- 

- 

- 

- 

- 

- 

- 

36- 

5.    . 

150 

280 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

e,   . 

160 

181 

1.16 

8.30 

.2500 

.0080 

.2660 

1.88 

.0060 

.0016 

- 

34- 

", 

150 

102 

1.15 

8.85 

.2300 

.0900 

.2000 

2.04 

.0180 

Present. 

43' 

36* 

8.   . 

150 

102 

1.56 

8.80 

.2600 

.0200 

.2700 

2.14 

.QOOO 

PreMnt. 

40* 

- 

Bf 

150 

143 

- 

- 

- 

- 

- 

- 

- 

- 

89' 

34* 

10.   . 

150 

141 

6.06 

10.06 

.8500 

.0200 

.8700 

3.27 

.0050 

None. 

43* 

- 

11. 

150 

128 

- 

- 

- 

- 

- 

- 

- 

- 

40* 

34* 

12.    . 

160 

140 

- 

- 

- 

- 

- 

- 

- 

- 

46- 

- 

13,    . 

150 

150 

1.80 

o.xo 

.1300 

.0300 

.1000 

2.76 

.0080 

Present. 

42* 

- 

H.   . 

150 

210 

1.30 

0.80 

.2400 

.0300 

.2700 

2.06 

.0000 

Present. 

44* 

36* 

15.   . 

160 

200 

1.20 

0.00 

.4600 

.0000 

.6400 

2.17 

.0000 

Present. 

44* 

34* 

Ifl.   . 

150 

160 

- 

- 

- 

- 

- 

- 

- 

- 

43* 

36* 

17. 

100 

00 

1.40 

10.00 

.2400 

.0600 

.2000 

2.00 

.0000 

None. 

40' 

36* 

18, 

160 

187 

- 

- 

- 

- 

- 

- 

- 

- 

51* 

- 

w, 

150 

187 

1.60 

0.30 

.3400 

.0700 

.4100 

2.42 

.0000 

Present. 

48* 

- 

20, 

150 

245 

1.40 

0.60 

.3400 

.0600 

.3000 

2.43 

.0000 

Present 

44* 

35* 

21, 

150 

108 

- 

- 

- 

- 

- 

- 

- 

- 

47' 

36* 

22, 

150 

147 

1.20 

7.00 

.3600 

.0700 

.4200 

1.02 

.0060 

None. 

67' 

«. 

23, 

150 

144 

- 

- 

- 

- 

- 

- 

- 

60* 

35' 

24. 

150 

184 

1.80 

8.00 

.8600 

.0300 

.8000 

2.10 

.0000 

Present. 

47' 

- 

28. 

150 

103 

- 

- 

- 

- 

- 

- 

- 

- 

4«- 

36» 

28. 

150 

260 

1.10 

8.20 

.8400 

.0300 

.3700 

2.06 

.0020 

Present. 

48- 

36* 

27, 

150 

170 

1.20 

7.70 

.2000 

.0100 

.8000 

2.06 

.0000 

Present. 

46- 

35« 

28. 

160 

118 

- 

- 

- 

- 

- 

- 

- 

- 

48- 

35* 

29, 

150 

100 

1.80 

7.40 

.2630 

.0680 

.8310 

2.18 

.0080 

.0001 

61' 

36* 

Pebroary  1. — Sewage  entering  tank  throogh  one  opening  in  the  froet.  Febraary  2.  — One  bole  cat 
throQgh  eight  Inches  of  froet  and  twelve  inches  of  ice.  February  12.  — Hole  cut  through  twenty  .seven 
Inches  of  frost.  February  18.— All  the  lee  and  a  circle  of  gravel  one  and  one-half  feet  wide  and  two 
laches  deep,  one  and  one-half  feet  from  rim  of  tank,  removed  from  sarfaoe. 

Total  effluent  to  end  of  month,  8,717  gallons. 
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Filter  Tank  No.  tf— Continued. 

Mmreh,  ISM. 


i 

% . 

11 

n 

Ammonia. 

1 

KiTBOOKV  AJ 

•\ 

Temfeb- 

ATCBB. 

Dati 

|i 

1 

1 

< 

1 

i 

e 

i 

s 

i  i 
1  1 

If       . 

150 

174 

« 

- 

. 

. 

. 

. 

. 

. 

. 

6«'     35* 

2.       . 

UO 

143 

- 

- 

- 

- 

- 

- 

- 

- 

- 

54- 

- 

8.       . 

150 

177 

- 

- 

- 

- 

- 

- 

- 

- 

- 

54- 

35' 

4.       . 

150 

118 

2.00 

7.60 

.8000 

.0170 

.8170 

2.16 

.0100 

.0002 

- 

4r 

85' 

6,       . 

150 

146 

- 

- 

- 

- 

- 

- 

- 

- 

- 

52* 

85* 

«.       . 

150 

181 

8.40 

8.40 

.2400 

.0120 

.2520 

2.78 

.0000 

rrMcnt. 

- 

so- 

36* 

7.       . 

150 

136 

- 

- 

- 

-. 

- 

- 

- 

- 

- 

ar 

35- 

8p       . 

150 

149 

- 

- 

- 

- 

- 

- 

- 

- 

- 

52* 

- 

9.       . 

150 

166 

- 

- 

- 

- 

- 

- 

- 

- 

- 

53* 

3^ 

10,       . 

150 

175 

- 

- 

- 

.- 

- 

- 

- 

- 

- 

br 

SC 

11,       . 

150 

160 

2.10 

8.00 

.8360 

.0180 

.8540 

2.04 

.0100 

.0010 

20  m. 

50* 

XT 

12.       . 

150 

170 

- 

- 

- 

- 

- 

- 

- 

- 

- 

58* 

Zf 

18,       . 

150 

170 

2.10 

8.70 

.2100 

.0150 

.2550 

?.22 

.0080 

.0010 

- 

5r    - 

14,       . 

150 

186 

- 

- 

- 

- 

- 

- 

- 

- 

- 

55'     » 

16.        . 

;50 

178 

- 

- 

- 

- 

- 

- 

- 

- 

- 

52*      - 

16.       . 

150 

167 

- 

- 

- 

- 

- 

- 

- 

- 

- 

f3-     35* 

IT,       . 

150 

161 

- 

- 

- 

- 

- 

- 

- 

-  1 

- 

55*     S6* 

18.       . 

150 

138 

2.10 

8.80 

.2200 

.0160 

.2860 

2.86 

.0100 

.0002  1 

- 

61*  1  XT 

w,     . 

150 

143 

- 

- 

- 

- 

- 

- 

- 

- 

- 

48*     35* 

20,       . 

150 

160 

S.IO 

8.80 

.2000 

.0080 

.2080 

2.50 

.0120 

.0004 

- 

64'  1    - 

21.       . 

150 

271 

- 

- 

- 

- 

- 

- 

- 

- 

- 

W     2ff 

22,       . 

150 

238 

- 

- 

- 

- 

- 

- 

- 

- 

27  m. 

54*     ST 

28.       . 

150 

163 

- 

- 

- 

- 

- 

- 

- 

- 

- 

sar 

2sr 

24.       . 

150 

130 

- 

- 

- 

- 

- 

- 

- 

- 

28  m. 

6r 

ST 

24.       . 

150 

140 

1.50 

8.80 

.2200 

.0120 

.2320 

2.12 

.0000 

.0001 

26  m. 

60* 

39* 

26.       . 

150 

163 

- 

- 

- 

- 

- 

- 

- 

- 

- 

54* 

tr 

27,       . 

150 

817 

1.40 

7.80 

.2120 

.0080 

.2200 

1.80 

.0060 

.0004 

- 

52* 

rr 

28.       . 

150 

238 

- 

- 

- 

- 

- 

- 

- 

- 

47  m. 

»r  3r 

29,       . 

150 

177 

- 

- 

- 

- 

- 

- 

- 

- 

26  m. 

»!•  r.' 

80.       . 

150 

150 

- 

- 

- 

- 

- 

- 

- 

- 

20  m. 

"•'- 

81,       . 

150 

147 

- 

- 

- 

- 

- 

- 

- 

- 

- 

KT    8S* 

Efflaent  colorless,  generally  clear,  and  with  very  alight  sediment. 
March  14.  —  Snow  removed  from  surface  of  tank. 
Total  efflaent  to  end  of  month.  14.018  gallons. 
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Filter  Tank  No.  6—  Continued. 
Aw*n,  isas. 


ill 

Bbsidub  oh 
Btapobation.j 

Ammoxia. 

J 

NiTROOBN  A8 

!i 

1^ 

TuirKS- 

ATUHB. 

Patm. 

il 

1 

i^ 

1 

1 

2 

1 

1 

1.         ^ 

a; 

>,      - 
4.        . 

%      - 
T.      - 

u,      . 
ill      - 
\x      . 
14       . 
Wp       • 

IT,        . 
15t        , 

^,           , 

31. 

as.      . 

27, 

1» 
ISO 

IM 

uo 

ICO 

160 
UO 
130 
150 
150 
150 
150 

sua 

150 

m 

150 
160 
150 
SCO 

."1 

14S  ^ 

ue 
las 

ifii 

SIT 
109 

»T 

ftl 

M 

SI 
1^ 
181 
IBl 
I4i 
S11 

M 
101 
134 
1^ 
147 
144 
1S2 

2.00 
MO 

a.  10 

3.30 
I.SO 

R.30 
3.T0 

«.oo 

T-70 

i.so 

10.40 

10.20 
13.30 

11.40 

.23M 

.»00 

.3200 

,1S40 

.3S«0 

.soao 

.!»00 
.2200 

.0110 

.0170 
.0190 

,0000 
.0130 

.0120 
.OlSO 

.0100 

.2430 

.2170 
.2880 

.1780 

.1970 
.2430 

.2200 
.2580 

.2880 

1.06 

2.14 
2.10 

2.24 

2.82 
2.ft2 

8.11 
4.74 

8.06 

.0150 

.0350 
.0280 

.0600 

.0900 
.0300 

.0500 
.0600 

.0600 

.0005 

.0008 
.0007 

.0008 

.0004 

.0004 

.0004 
.0006 

.0007 

26  m. 

22  m. 
16  m. 
24  m. 
26  m. 

16  m. 
22  m. 

86  m. 

18  m. 
24  m. 
22  m. 

18  m. 

41" 
41" 
43* 
40- 
43* 
46- 

40* 
42* 
43* 
46- 
43* 
45- 
41* 
43* 
46* 
42- 
43* 
43* 

43* 
40* 
42- 
45* 
48* 
46- 

80* 
30* 
40- 
40- 
40* 
40* 

41* 
41* 
41* 
42* 
41* 
42* 
42- 
42* 
42* 
43* 

4r 

43* 

42* 
43* 
43* 
43' 
44- 
44* 

Eifluent  eolorlMt,  Marly  elear»  and  with  very  slight  sediment.  Organiims  vielble  to  naked  eye 
^  Mmplee  thronghoni  the  month. 

April  7.  —  5.20  A.M.  to  April  10,  8.12  A.M.,  outlet  eloeed.  River  high.  April  12.  —  First  75  gallons  of 
"^^  applied  disappeared  in  10  minutes.  April  17.  —  Leak  in  measuring  basin  repaired.  Apdl  20.— 
t.(»  P.X .,  onUet  closed.    Biver  high . 

Total  effluent  to  end  of  month,  17,075  gallons. 
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Filler  Tank  No.  &  — Continued. 

Majr,  18«S. 


9    . 

nx 

0^ 

Rksidck  oh 

EVAPOfiATIOK. 

AjnCOHIA. 

j 

XITKOGKX  AS 

TuvrKB- 

ATCKi. 

Datk. 

ii 

1 

1 

.1 

i 

OQ 

1 

^ 

i 

I 

1 

1.. 

2,. 

3.. 

4,. 

5,. 

».. 

7./ 

8.. 

».. 
10.. 
11.. 
12,. 
IS,. 
14.. 
16,. 
M,. 
IT,. 
18,. 
19.. 
20,. 
21,. 

22,.        . 
23,. 
24,. 

25,.        . 
26..        , 
27..        . 
28,.        . 
29..        . 
80..       . 
31..       . 

150 
300 

150 
150 
150 
150 
loO 
300 

150 
160 
300 

150 
150 
150 
150 
150 
300 

150 
160 
150 
150 

121 
290 
68 
111 
135 
223 
179 
145 
413 

800 
140 
305 

67 
101 
147 
138 
137 
131 
271 

48 
101 
240 
166 
180 

6.50 
6.50 
12.90 

6.50 

17.90 
17.60 

11.50 
18.50 
7.40 

T 

13.80 

17.10 
18.40 

.1320 
.1720 
.1660 

.0020 

.0470 
.0350 

.0080 
.0210 
.0160 

.0060 

.0068 
.0068 

.1400 
.1030 
.1710 

.0980 

.0538 
.0418 

3.03 
3.24 
3.16 

2.02 

2.90 
8.18 

.2000 
.8200 
.4500 

1.2000 

2.3000 
8.0000 

.0011 
.0022 
•0027 

.0041 

.0183 
.0009 

46* 
45* 

SO' 

4sr 

60» 
51' 

sr 

50- 

49- 
50- 

s/r 

sr 
sir 
ssr 
w 

55* 
66* 

sr 

4r 

48* 

48* 

W 

SOT 

sv 

51* 

51" 
61' 

sr 

BT 

sr 
5r 
»• 

iff 

IT 

Efflaent  colorlesi,  clear  or  nearly  so,  and  with  yery  Blight  sedlmeitt. 
OrganlRins  visible  to  naked  eye  in  snmplca  throughout  the  month. 

Hay  4.  ~  Outlet  opened  at  8.01  a.m.    May  12.  —  8.54  p  jc.  to  May  17.  —7.44  A.M.,  outlet  eloaed.  Rirtf 
high. 

Total  effluent  to  end  of  month.  22.131  gallons. 
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FiUer  Tank  No.  tf — Condnued. 


Jane,  1889. 

• 
Kg 

(Si 

RB5IOCB  ov 

Evaporation. 

Ammonia. 

j 

Nitrogen  as 

Trnprr- 

ATUUK. 

Date. 

il 

1 

1 

1^ 

1 

S 

1 
S 

1 

1 

1,.       . 
2..       . 

a..     . 

4..        . 
5..       . 

».. 
10,. 

11,. 
12.. 

la.. 

15.. 
!«.. 
17.. 
M.. 
Wp. 
20.. 
2i, . 
22,. 
23.. 
21,. 
25.. 
2«,. 
27,. 
»,. 
29,. 
».. 

150 
800 

IfiO 
150 
150 
150 
160 
800 

150 
lAO 
ISO 
150 
150 
800 

800 
800 
800 
80O 
800 
000 

800 
SCO 
800 
800 
800 
853 

180 
274 

48 
100 
145 
128 
148 
136 
206 

51 
102 
142 
135 
106 
180 
295 

49 
240 
279 
285 
290 
293 
568 

57 
291 
837 
822 
272 
293 
626 

18.30 

18.50 
14.00 

18.40 
0.20 

10.20 
8.90 

9.00 
6.1X) 

18.00 

15.70 
18.20 

17.10 
18.70 

17.00 
15.00 

19.10 
18.70 

.0120 

.0060 
.0040 

.0010 
.0018 

.0004 
.0020 

.0012 
.0028 

.0070 

.0064 
.0076 

.0060 
.0076 

.0108 
.0090 

.0070 
.0158 

.0190 

.0144 
.0116 

.0070 
.0094 

.0112 
.0110 

.0088 
.0186 

4.66 

4.02 
4.55 

4.92 
5.75 

6.05 
4.05 

6.56 
6.0P 

2.6000 

3.2000 
2.1000 

1.7000 
1.8200 

.9000 
.7500 

.8300 
.5500 

.0133 

.0100 
.0080 

.0005 
.0006 

.0080 
.0002 

.0002 
.0007 

69* 
69* 

69* 

or 

62* 
64* 
65* 
65* 

68- 
66- 
66- 
66- 

ec" 

68* 
68* 
71- 
70* 
70* 
73* 

68* 
71- 

To- 
es- 

67- 
67* 

67- 
69' 

69* 
60* 
60* 
61* 
61- 
63* 

63* 
63* 
63* 
63* 

6r 

64* 

65* 
66* 
67* 

6r 

68* 

60* 
60* 
60* 
67* 
68* 
68* 

Sffiaent  colorleM,  generally  clear,  and  with  v«ry  alight  aedlment.    Organlama  vlaibie  to  naked  eye  in 
■RinpleB  thronithoal  the  month. 

Total  efflnent  to  and  of  month,  28,824  gallona. 
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Fitter  Tank  No.  ff— Continued. 


Datb. 

1 

li 

1.    . 

. 

58 

2.    . 

800 

360 

«, 

SCO 

288 

4, 

800 

279 

5.    . 

800 

278 

6, 

800 

287 

T.    . 

000 

MO 

8. 

- 

61 

ft.    . 

800 

234 

10. 

800 

280 

11.    . 

800 

817 

12,    . 

800 

809 

18. 

80O 

280 

14. 

<»0 

604 

16, 

67 

16, 

800 

219 

17, 

800 

803 

18, 

800 

286 

19,    . 

800 

894 

20,    . 

800 

841 

21,    . 

eoo 

628 

22, 

- 

03 

28,    . 

800 

286 

24.    . 

800 

266 

28,    . 

800 

800 

28,    . 

800 

277 

27.    . 

800 

286 

28, 

000 

645 

29, 

- 

09 

80, 

80O 

252 

81,    . 

800 

263 

RSAIDCK  OH 
EVAPOBATIUK. 


li 


10.40 


6.20 


6.80 


6.70 


8.10 


6.40 


6.20 


4.20 


27.00 


26.40 


26.10 


23.50 


29.60 


26.60 


29.60 


26.10 


Akmovia. 


.0002 


.0028 


.0012 


.0014 


.0018 


.0064 


.0118 


.0106 


.0094 


.0094 


.0102 


.0102 


.0198 


.0208 


.0186 


.0106 


.0124 


.0116 


.0120 


11.52 


7.68 


T.8T 


6.41 


8.06 


6.16 


9.62 


7.05 


KiTBOOBV  AS 


TUfPEM- 
ATCU. 


.5700 


.8900 


1.0000 


1.1000 


1.4000 


1.3700 


.9500 


.7500 


^ 
S 


l§ 


.0014 


.0040 


«5* 
66" 
66" 
68- 

W 
71* 


.0006 


lb.88in. 


64  m. 


.0011 


69* 
70- 
Tl* 

70' 
69* 


.0008 


69* 
70* 
70' 
70- 
71* 


.0080 


.0020 


72* 
72" 
72- 
74- 

72* 


4b.86ii 


71* 
72* 


Efflneiit  colorleM,  generally  elenr,  and  with  Utile  or  no 
Total  effluent  to  end  of  month,  37,718  gaUona. 


■edimenU 
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55 


800 
800 
800 

eoo 


800 
800 
800 

800 
000 

ISO 
IM 
150 
150 
150 
800 

ISO 
190 
150 
150 
150 
800 

150 
150 
160 
160 
160 


250 
282 
235 
536 
160 
261 
287 
835 
257 
295 
854 
210 
146 
240 
148 
164 
218 
225 
110 
150 
161 
301 
141 
12D 
200 
85 
W 
125 
132 
130 
136 


rxsiduk  oh 
Etaposatiov. 


5 


8.20 


2.70 


8.M 


1.50 


2.10 


5.00 


4.00 


5.60 


81.30 


26.60 


17.00 


20.60 


16.60 


15.0 


21.60 


ilinioiiXA. 


.0832 


.0056 


.0140 


.0048 


25.00 


.0134 


.0068 


.0016 


1^ 


.0188 


.0132 


.0160 


.0136 


.0006 


.0102 


.0470 


.0272 


.0482 


.0160 


.0270 


.0164 


.0118 


8.14 


i.68 


4.34 


4.20 


5.57 


4.70 


4.01 


6.07 


NlTKOOBX  XB 


I 


1.1500 


1.8000 


.8000 


.0810 


.0760 


.3200 


.2000 


.0060 


.0010 


.0024 


.0300 


.0014 


.0040 


.0480 


2ft  h. 


24  h. 
24  b. 


24  b. 


24  h. 
24  b. 
24  h. 
24  b. 

86b.H- 


lb.85m 
46  m. 
lb.2m 


22  m. 
40  m. 


131m. 
16;  m. 


l»m. 
20  m. 
20  m. 


Tkmpxk- 

ATCKB. 


I  73* 


7r 

70* 

w 

60* 
70* 


71* 
71* 

ir 

72* 


72* 
72- 
71* 
72* 
72* 
70* 


70* 
70* 
70* 
71* 
70» 
70* 


71* 
70* 
70* 
71* 
71* 


71* 
69* 
70* 
70* 
70» 


XffliMoi  coIorleM,  genenllj  clear,  and  witb  yery  alight  aedfroent. 

Aftar  Augoat  1,  realdue  on  evaporation  obtained  wltb  aodlum  carbonate.    Aagnat  6  and  14.  —  Rain 
vater  on  aorfaoe  in  the  morning. 

Total  effliMDt  to  end  of  montb,  44,289  gallooa. 
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FiUer  Tank  No.  ^—Continued. 


Datb. 


1. 
2. 
8, 
i. 

«. 

T. 

10, 
11, 
12, 
13, 
14, 
15, 
1«, 
17. 
18, 
10, 
20. 
21, 
22, 
23. 
24, 
2«. 
28. 
27, 
2«, 
29. 
90, 


SOO 

160 
150 
150 
150 
150 
800 

150 
150 
150 
150 
150 
800 

150 
150 
150 
150 
150 
800 

150 
150 
150 
150 
150 
SOO 


is 

MS 


808 
48 

80 
13» 
121 
130 
131 
475 

72 
104 
131 
227 
138 
127 
255 

68 

M 
842 
ISO 
142 
819 
802 

03 

87 
138 
412 
170 
188 
286 

65 


Rbmioob  out 
Evaporation. 


.1 


1.00 


5.70 


3.00 


2.00 


1.60 


I 


52.00 


46.40 


85.50 


32.80 


85.90 


29.90 


AXVONIA. 


.0008 


.0006 


.0012 


.0004 


.0004 


.0004 


.0114 


.0114 


.0112 


.0100 


.0092 


.0074 


.0063 


.0052 


;0122 


.0132 


.0132 


.0106 


.0104 


.0078 


.0072 


.0056 


19.25 


17.40 


6.22 


9.00 


7.48 


4.20 


8.15 


29XTROOKS  AS 


1.4000 


1.8700 


1.2800 


1.1700 


1.2000 


1.0200 


1.0000 


.8000 


.8100 


.0040 


.0010 


.0000 


.0000 


.0000 


1 
i| 

1^ 


17  m. 
22  m. 
29  m. 
27  m. 
81m. 
12h.+ 


Tmrn- 

ATCIK. 


Iii 


,.7r 


2h.30m. 
lh.89m. 
12b.+ 


2h.30nu 

12h.+ 

4h.28m. 


2h.98m. 
10h.+ 


70"  71* 
71' 

70*  TO- 

6r  «5« 

60*  89" 


66*  esr 

66*  I  «r 

I 

66'  9sr 

64*]  er 

64'  67 

I 


65* ;  «• 

65- '  «r 

64-  «P 

63-1  64* 

62"l  65' 


5S-'  «r 

5S"  ar 

58*  6r 

5r !  er 


Bfflaent  oolorlMt,  generally  clear,  and  free  from  iediment. 

September  5. — Vinegar  evle  In  taraple.    September  15.  — Flnt  150  gallons  sewage  applied  disap' 
peared  in  1  hour  20  minutes.    September  22.  —  A  very  little  rain-water  on  surface  in  the  morning. 
Total  elllaent  to  end  of  month,  40,475  gallons.  • 


Digitized  by 


Google 


FILTRATION  OF  SEWAGE. 


427 


Filter  Tank  No.  6  —  Continued. 

Oetober.  ISSS. 


ii 
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150 
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150 
150 
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I  150 

I 

I  150 
150 
150 
900 

150 
150 
150 
150 
150 
800 

150 
150 
150 
150 
150 
800 

150 
150 
150 


90 
263 
177 
137 
144 
808 
g9g 

147 
146 
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142 
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185 
146 
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75 
103 
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268 
151 
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134 
141 
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lUaiDCB  ON 
BVAPORATIOK 


2.50 


2.80 


.40 


.30 


1.20 


1.80 


.40 


2.80 


1.80 


23.20 


28.40 


22.10 


22.20 


22.10 


22.70 


22.70 


10.50 


22.20 


AMMOnA. 


.0002 


.0004 


.0004 


.0002 


.0004 


.0002 


.0062 


.0056 


.6082 


.0052 


.0048 


.0062 


.0062 


.6058 


.0086 


.0070 


.0054 


.0090 


.0054 


.0064 


5.n 


5.57 


4.50 


4.36 


4.50 


4.41 


4.25 


6.48 


XlTIOOBSI 


I 


.8800 


.9000 


.8000 


.9700 


.9400 


1.1000 


.8800 


.9800 


.9700 
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.0000 


.0000 


.0000 


.0000 


.0000 


.0000 


.0000 


.0000 


lb.50in, 

4h.l4in 

4h.86m. 

4h. 

8b.44m. 


12h.+ 
12h.+ 


7h.llm. 


12h.+ 


18h.+ 


TUfPBft- 
ATUBB. 


60* 

59" 
69* 
58* 

58" 


56* 
57* 

5r 

54* 
54* 


54V 

55* 
53» 
52* 

Mr 
ssr 


52* . 

5r. 

51* 


50» 


5r 
sr 

52» 


Efflaent  oolorleai  and  generally  clear,  Aod  free  from  •edlmenl. 

October  10.— Se wage  applied  Dearly  all  disappeared  in  7  hours  12  minntea. 

ToUl  efflnent  to  end  of  month,  54,671  gallons. 
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Fitter  Tank  No.  tf— Continued. 
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1^ 

Rksidck  on 

BVAPOBATIOir. 
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l§ 

1     ATUBX. 

Datb. 
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1.        . 
%        . 

s, 

i. 
6. 
«, 

7.         . 
8. 
9i 
10.        . 

u.      . 

12.  . 

13,  . 
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16, 
16, 
17. 
18. 
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a. 

24, 
25, 
M, 

27,  . 

28.  . 
2». 

160 
300 

800 

800 
800 

800 
800 

800 

800 
800 
800 

800 

152 

68 
258 

60 

80 
212 

68 
231 

73 
808 

79 

84 
206 

54 
314 

61 
274 

47 

at 

205 
00 

105 
63 

246 
50 
27 

800 
66 

66 

1.00 

1.00 
1.20 

1.00 
2.80 

l.SO 
1.60 

.50 
1.00 

22.80 

23.80 

22.70 

22.60 
10.10 

21.70 
19.40 

19.70 
18.50 

.0006 

.0000 
.0000 

.0004 
.0084 

.0002 
.0026 

.0002 
.0000 

.0126 

.0052 
.0074 

.0062 
.0068 

.0042 
.0098 

.0052 
.0060 

.0184 

.0062 
.0074 

.0066 
.0122 

.0044 
.0124 

.0054 
.0060 

4.78 

4.72 
4.54 

4.15 
4.82 

4.64 

4.30 

8.87 
3.90 

1.0000 

1.0500 
1.1000 

1.1800 
.8000 

1.0500 
1.0500 

.9500 
.9200 

.0000 

.0000 
.0000 
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.0024 

.0001 
.0002 

.0000 
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SSh.lTm. 
lOhJSm. 

lh.8.Sm. 
lli.24m. 
12h.H- 

lb.8m. 
61m. 

60" 

50* 
82" 
61* 

4r 

46" 
44* 

43" 
44* 

4o* 

46- 

54' 

sr 
sar 

51* 
ST 
53* 

iV 
52* 
SOT 
50* 
48- 

60* 
48* 

4r 

46* 

4C* 
43* 

4r 

44" 

Efflaent  cIcAr  and  oolorleM  and  genenlly  free  from  Mdiment. 

November  22.  —  CanvM  cover  pat  over  tank.    November  26. — Conilderable  snow  alfted  in  under  thf 
canvas.    November  20, 2.60  A.M.  to  November  30,  1.40  p.m.  —  Oatlet  cloeed.    Blver  high. 
Total  effluent  to  end  of  month,  58,728  gallons. 
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Filter  Tank  No.  6—  Continned. 

■ker,  ISM. 
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=1  . 

i| 

I' 

'  Kesidub  oh 
Evaporation. 

i                AMMOmA. 

J 

NITBOOBH 
A« 

1 

i 

Tkmpxr- 

ATDRB. 

1>^ 

i 

1 

I 

1^ 

i 

IX. 

1 

» 

1 

1 

i.  . 

T, 

8.        . 

10.  . 

11.  . 

12.  . 

13.  . 
H.        . 

w.      . 

1«.        . 
IT,        . 
18.        . 
1». 

20,        . 
^.        . 

a, 

28,        . 
24,        . 
25, 

28.        . 
».        . 

28,  . 

29.  . 

80.  . 

81.  . 

300 

300 
800 
800 

800 
800 
800 

800 

800 

800 
300 
300 

217 
47 
20 

216 
M 

240 
67 

264 
44 
29 

218 
64 

218 
67 

187 
46 
26 

216 

100 

132 
40 
27 

241 
48 

272 
47 

268 
43 
27 

2.30 
1.00 

.80 
2.30 
1.10 

1.20 

1.20 
.80 

17.20 
24.70 

24.60 
24.10 
21.10 

10.30 

18.40 

24.40 

- 

.0002 
.0004 

.0000 
.0008 
.0000 

.0002 

.0010 
.0010 

.0044 
.0078 

.0042 
.0110 
.0076 

.0064 

.0064 
.0114 

.0016 
.0082 

.0042 
.0118 
.0070 

.0006 

.0074 
.0130 

3.46 

6.00 

.    1 

1 
7.64 

6.01 

6.60 

8.08 

3.88 

8.31 

1 

1.0000 
.7600 

.7800 
.8600 
.8200 

.7300 

1.0500 
.3400 

.0000 

.0000 

.0000 
.0000 
.0000 

.0001 

.0000 
.0004 

Ih. 

1  h.  7in. 
46  m. 

Ih.l6m. 
lh.68m. 

Ih. 

lb.  30m. 
lh.4m. 

44* 

44* 

46- 
44' 

45* 
44* 

45* 

45* 

40' 
44* 
40' 

42* 

48* 
42* 
42* 

ir 
4r 

42* 

42* 
41* 
41* 
40* 
8»* 
41* 

48* 

40* 

38* 
38* 

41* 

41* 
8»* 
40* 
39* 

42* 

EfSaeni  colorlt«t,  generally  clear  and  with  yery  alight  or  no  eediment. 

December  18.— 6.28  f.m.  to  December  21,  7.49  A.M.,  ouUet  cloeed.    River  high.    December  19,^ 
inch  of  frost  In  lank.    December  21,  2  inches. 
Total  effltteot  to  end  of  month,  02,249  gallons. 
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FILTRATION  OF  SEWAGE. 
Filter  Tank  Ni>.  tf — Continaed. 


Smmumrj^  10M 
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Rksidub  ok 
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ll 

TSHPKB- 
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Datb. 
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1 
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i 
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«»         . 

5.         . 
«b         . 

7.        . 
«,        . 
».        . 

10,  . 

11,  . 
12, 

18.         . 
M.         . 
16.         . 
Iflb 
17, 

18,         . 
1».         . 
20,         . 
21, 

22,  . 

23,  . 

24,  . 

25,  . 
20, 

27,         . 

28, 

20,         . 

80, 

31, 

800 
800 
800 

800 
800 
800 

800 
800 
800 

800 
800 
800 

800 

350 

226 

61 
218 

60 
MO 

40 

26 
222 

73 
211 

40 
248 

43 

28 
201 

60 
260 

68 
252 

44 

23 
100 

62 
243 

66 
255 

44 

22 
235 

63 
274 

0.7 
0.6 

0.0 
1.2 

0.7 
0.6 

0.7 
0.6 

0.2 

21.7 
22.2 

21.8 
21.6 

10.0 
24.6 

22.7 
20.6 

20.3 

.0004 
.0008 

.0008 
.0012 

.0000 
.0012 

.0002 
.0008 

.0002 

.0062 
.0000 

.0006 
.0100 

.0066 
.0086 

.0052 
.0084 

.0036 

.0066 
.0006 

.0074 
.0118 

.0066 
.0008 

.0054 
.0002 

.0038 

6.18 
6.07 

6.74 
4.81 

4.60 
7.63 

6.17 
6.00 

6.17 

.6700 
.5000 

.6600 
.6000 

.6200 
.4000 

.6000 
.4500 

.5000 

.0000 

.0001 

.0000 
.0000 

.0000 
.0000 

.0001 
.0000 

.0000 

62  m. 

4«m. 
Ih.Om. 

l]i.34m. 
62  m. 

48  m. 

45* 
44* 
44- 

44* 
45* 
45* 

45* 

45' 
41* 

lo- 

45* 
44* 

46' 
45* 

80* 

ztr 
» 

40* 
89* 
40* 

8r 

41' 

ar 

41* 

«•* 

40* 
30* 
40* 
38* 

lo- 
ss* 

38* 
8S* 
IC 
38* 

¥r 

88* 
W 

Effluent  colorleflt,  generally  clear,  and  with  very  slight  or  no  sediment. 
January  22. —One  inch  of  frost  i>i  tank.    January  26  and  20.  —  No  frost. 
Total  effluent  to  end  of  month,  66.360  gallons. 
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FiUer  Tank  No.  6—  Continaed. 

rcknisry,  IM*. 
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is. 
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44 

28 
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02 
224 

02 
2801 

4t' 

'! 

226  , 

1 
47  1 

250  ' 

"1 

266  1 
42 

87  j 
264  i 

"1 

247 

41 
266 

83 

19 
221 

82 
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0.7 

0.9 
1.4 

1.2 
1.6 

1.0 
1.8 

17.4 

16.4 
14.4 

16.7 
16.5 

16.2 
16.1 
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.0002 
.0026 

.0006 
.0086 

.0014 
.0006 

.0074 

.0064 
.0086 

.0058 
.0064 

.0068 
.0068 

.0084 

.0066 
.0112 

.0004 
.0150 

.0082 
.0094 

8.45 

8.16 
2.40 

8.78 
8.63 

3.20 
8.17 

: 

i  .6500 

.4700 
.5500 

.5200 
.3500 

.5000 
.4700 

.0001 

.0000 
.0001 

.0000 
.0000 

.0000 
.0001 

lb. 

lh.40in. 
8h.2m. 

2h.58iD. 

2k.  45  m. 
2h.S6m. 
lll.57iD. 

5b.86in. 

45* 

45* 
44- 

45- 

44- 

46* 
r 
44* 

44* 
44- 
44- 

44* 
45- 

• 
88- 

87* 

89* 
37' 
89- 
87* 
37* 
37* 

38* 
87* 
38' 
37- 
89* 

8r 

88* 

37* 
88' 
87* 
89* 
S6* 

88* 

36* 
89* 
87* 

Sffluenfc  eolorleat,  generally  dear,  and  with  very  slight  or  no  sediment. 

Frost  in  tank :  February  2.  —  One  Inch.  Febrnary  5.  — None.  February  7.  — Three  inches.  Feb- 
ruary 9..— Throe  and  one-half  inches.  February  14. — Three  inches.  February  20.  —  One  and  one-half 
inches.  February  23.  —  Three  inches.  February  25.  —  Five  Inches.  Febmary  28.  —  A  few  spots  of  ice 
on  lurface. 

Total  effluent  to  end  of  month,  09,978  galloiii. 
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FiUer  Tank  No.  «— Continued. 
H«wh,  im*. 
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28,  . 
2». 

30, 

81,         . 
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857 
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1.0 

0.6 
1.0 

18.2 

17.6 
20.0 

18.7 
20.1 

19.7 
22.8 

21.8 
24.1 

.0206 

.0010 
.0046 

.0004 
.0108 

.0014 
.0034 

.0002 
.0024 

.0146 

.0070 
.0090 

.0068 
.0084 

.0070 
.0070 

.0026 
.0080 

.0352 

.0080 
.0136 

.0072 
.0102 

.0084 
.0113 

.0028 
.0104 
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8.83, 
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3.43 
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.0000 
.0002 
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■       1 
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30  m. 
27  m. 
80  m. 

87" 
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zer 
ss* 
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sr 

42- 
48* 
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5r 

4T 
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sar 

3«* 

ssr 

36" 
38* 
38" 

sr 

38* 
3S" 

sr 

41* 
38- 

4r 

40- 

4r 

40" 

4r 

40- 

EflSuent  oolorleM,  very  nearly  clear  aod  with  very  slight  sediment. 

March  1.  — One-half  Inch  of  frost  In  the  half  of  tank  where  sewage  mns  on  directly  from  hose  and 
7  inches  In  the  other  half.  Marc».  0.  — No  frost  in  one-half  of  tank  and  K  inch  in  other.  Hareb  18.— 
Canvas  cover  removed  from  tank. 

Total  effluent  to  end  of  month,  73,096  gallons. 
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Fitter  Tank  No.  tf— Conianned. 
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.0000 

- 

- 

44* 

11.       .      soo 

228 

- 

- 

- 

- 

- 

- 

- 

- 

45  m. 
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- 
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i    " 

- 

- 

. 

- 

- 

- 

68* 

30.        . 

300 

207 

1 

- 

1 

- 

- 

1      - 

- 

- 

28  m. 

53- 

52* 

Effluent  colorlesB,  and  generally  clear  and  free  from  aedlment. 
Total  effluent  to  end  of  month,  78.104  gallons. 
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FILTRATION  OF  SEWAGE. 


Filter  Tank  No.  tf  —  Continued. 

May,  1880. 


Date. 


1. 
2, 

4. 

7, 

9. 
10, 
11, 
12, 
13. 

15. 
lfl» 
17, 
18, 
19. 
20. 
31, 
22. 
23, 
24, 
25, 
2«, 
27, 
28, 
29. 
80. 
81. 


SOD 


300 


300 


300 


300 


300 


300 


50  I 


47 


44 
23 

197 
43 

231 


47 

21 
252 

65 
241 

48 
228 

40 

38 
530 

48 
220 

44 
245 

47 

30 
205 

51 
221 

50 


Rksiduk  ok 
Evaporation 


1.5 


1.8 


1.2 


1.4 


2.5 


28.0 


20.8 


25.1 


Akmokia. 


.0008 


.0002     .0058 


.0018 


.0002 


.0082 


.0030 


.007< 


.0090 


6.13 


.0088 


5.52 


3.07 


NiTBOOBN  AS 


I 


2.0000 


2.4000 


2.8000 


1.8000 


.0001 


4^ 


.0000  "38  m. 


;31in. 


.0000 


31  m. 


30  m. 


32  m. 


32  m. 


.0000 


Tempek- 

ATCEC. 


ee 


far 
bT  I  5r 


-   ;  53* 

53*  i   53" 


i!  -  ;  sr 

j,    W  I   56* 


63* 


64* 


61* 

60* 
59* 


er 
6r 

63" 
62* 
6S^ 


60* 


59* 


Efflneat  clear  and  colorleas,  and  generally  free  from  aediment. 
May  22.  — QrasB  on  surface  in  a  few  spote. 
Total  efllaent  to  end  of  month,  82,254  gallona. 
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Filler  Tank  A'o.  6 — Continued. 
awatm,  las*. 


i 

•3. 

11 
1^ 

s  . 

Kksiduk  ov 

EVAFORATIOK. 

Ammonia. 

e 

4.2S 

'            - 
1            ■ 

4.03 

- 

3.99 

1   - 

1      - 

!■ 

- 

4.75 

"    1 

;  -  1 
1  - 

,  4.75 

1      - 
1      - 

'  5.02 

i     • 

1 

1      " 

1      ■ 
,  4.«5 

5.« 

XXTBOOKN  A0 

1 
Is 

II 

36  m. 

35  m. 

38  m. 

36  m. 
43  m. 
41m. 

69  m. 

41m. 

i 

39  m.      1 

-        i 
42  m. 

46  m. 

Tkmpsk- 

AT17RK. 

DA.TK. 

ii 

1 

1 

1^ 

o 

1 

i 
1 

5r« 

1 

1 

1. 

2. 
3, 
4, 

5. 

8. 

7. 

8. 

«, 
10, 

n. 

12, 

13, 

14. 

15. 

16. 

17. 

19, 

19, 

20. 

21, 

22,         . 

23, 

24.         . 

25, 

26,  . 

27,  . 

28,  . 

29,  . 
80,         . 

300 

300 
800 
300 

300 
300 
300 

500 
'^ 
600 

500 
600 
600 

53 

294 

66 
230 

50 
236 

49 

219 

50 

219 

381 

«l 
3.4J 

48 
»8l 

H 
421  1 

1 

46 

22 
380 

47 
406 

53 
607 

42 

1.6 

1 
1.4 

1.3 

2.1 
- 
1.4 

- 

1.8 
2.4 

26.2 

25.5 

- 
25.0 

27.1 

24.4 
26.0 

.0120 

'  .0014 

.0008 

1      - 

1      - 

1      - 

1 

t 
.0020 

1      - 
.0028 

1 

,   .0038 

1      - 
.0034 

.0282 

.0122 

.0078 
.0090 

.0084 

.0074 
.0158 

.0090 
.0176 

.0242 

.0092 
.0098 

.0104 

.0102 
.0196 

.0124 

1.6000 

2.2000 

1      " 
1.9000 

2.0000 

1 

i 

1  "* 

2.4000 

1      . 

i 
1.7000 

1 

1.6000 

1 
1.6000 

.0006 

1 

1 

-  ! 

.0001  1 
.0004  1 

-  1 

-  1 

-  1 
.0001  1 

.    1 

■  1 

.0002 

-  1 

.0005  1 

.0003 
.0018 

-  i 
1 

64* 

65- 
64* 
66- 

68* 
68' 
69- 

70* 

70* 
70* 

72- 

71* 
72- 

61- 

ear 

60* 
63' 
63* 
65* 
63- 

Gsr 

64* 
65- 
66* 
68- 
67* 

68- 
67* 
66* 
67* 

68- 

80- 
69* 
69- 
69* 
71- 
70- 

Efflaent  oolorleu  and  generally  clear,  and  with  very  illght  aediment. 
Toul  efSnent  to  end  of  month,  87,281  gallons. 
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FILTRATION  OF  SEWAGE. 


Fitter  Tatik  No.  9— Continued. 


1. 

11 

Kksiduk  ox 

EVAPORATXOK. 

1 

1           Amvoxia. 

1 

KlTBOOBMAS 

F 

1   Tkmpkb- 

1       ATL-ll. 

Datk. 

1 

2.2 
2.0 

1.9 

2.8 

2.0 
2.2 

1.5 
1.9 

3.0 

1 

t 

i 

1 

s 

S 

«2 

i 

i 

1. 
2, 

3,  . 

4.  . 
6.         . 
6, 

7. 

8, 

9, 
10, 
11, 

12.          . 
13. 
14, 
15, 

16.  . 

17.  . 
18, 

M. 

20,         . 

21, 

22,         . 

23. 

24.         . 

26.         . 

26.  . 

27.  . 

28.  . 
29. 

80.  . 

81.  . 

1 

1 

!    600 
600 

6^ 

1      " 
'    500 

'    600 

600 

600 
600 
600 

600 
600 
600 

600 

22 
392 

79 
451 

40 
416 

41 

20 
884 

42 
417 

61 
421 

83 

19 
478 

87 
468 

45 
746 

81 

14 
455' 

68< 
427 

87 
650 

69 

16 
435 

95 

1 
24.4 

26.0 

24.4 
21.4 

S3.4 

■ 

- 

20.2 

16.8 
22.7 

20.2 

.0022 
.0074 

.0018 
.0074 

.0018 

.0014 

« 
.0012 

.0048 
.0006 

.0122 
.0222 

.0094 
.0128 

.0020 
.0120 

.0080 
.0104 

.0058 

.0144 
.0206 

.0112 
.0202 

.0088 
.0134 

.0092 
.0152 

.0064 

6.05 

6.12 
6.32 

4.42 
8.W 

3.69 
4.62 

4.03 

1.0000 
1.4000 

1.2000 
1.1000 

1.2000 
1.1000 

.8000 

1      - 

1      - 
1.2000 

1.0000 

.0006 
.0008 

.0000 
.0004 

.0000 
.0005 

.0004 
.0000 

.0000 

1 

58  m. 

40  m. 
41m. 

47  m. 

45  m. 
41m. 

46  m. 

48  m. 

47  m. 

- 

74- 

74* 

74* 

- 
TV 

ir 

IT 

71" 
TT 
70r 

73» 
60" 
71* 

72* 

71' 

7(r 

71* 
TT 

n- 

ir 

70- 

er 

70- 

7r 

TO- 
ST 

cs* 

68* 
00* 

«r 
«r 

71- 

70* 

ir 

74* 

«• 

68- 

Effluent  colorleM  and  generally  clear,  and  free  from  sediment 
Total  effluent  to  end  of  month,  04,060  gallons. 
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It 
11 

0     . 

Id 

RlSIDrB  ON 
EVAPOKATIOK. 

Ammonia. 

1 

NiTROOBN  Afl 

on  Snrface. 

Tbmpbb- 

ATCRB. 

Date. 

ii 

i 

1 

< 

^ 

Z 

i 
1 

1 

1 

3,         . 
4. 

i.         . 
«,         . 

7,  . 

8.  . 
».         . 

10,        . 

13.         . 
14, 

15,         . 
M.         . 

17.  . 

18.  . 

w.      . 

20.         . 
21, 

22,  . 

23,  . 

24,  . 
25. 

28.         . 

27. 

28.        . 

29, 

30.         . 

81.         . 

600 
600 

600 
600 
600 

600 
600 
600 

600 
600 
600 

600 
600 
600 

688 

68 
462 

SO 

14 
412 

46 
400 

38 
417 

87 

10 
876 
170 
404 

48 
414 

35 

22 
873 

45 
388 

48 
400 

35 

17 
369 

46 
412 

88 
410 

1.8 
1.0 

i   - 
1 

2.1 

10.0 
22.7 

38.3 

1 
1 

1  .0034 

1 

1      - 
.0042 

1      _ 

.0046 

1 

'  .0056 

1      " 

.0066 

1 

- 
.0108 

.0006 

.OlM 

.0108 

.0118 

- 
.0142 

.0188 

.0150 

1 

1 
.0164 

.0184 

'  3.62 

1 
4.67 

-    ' 
1 

1 

'            1 
3.02  1 

1 

!  [ ' 

5.24 

1      ■    i 
_    1 

12.4^ 1 

1.1000 
1.6000 
1.8000 
1.9000 
1.6000 

.0002 

.0002 

-  1 
1 

-  1 

-  1 

.0000 

- 

-  1 
.0001 

.0002 

48  m. 

67  m.      ' 

-    i 

43m.      j 

-       1 

46  m. 

1 

1 
1 

56  m.      1 

1 

1 

1 

41m. 

47  m. 

_ 
47  m. 

72* 
71* 

70* 
70- 
70* 

70- 
68' 
68* 

68* 
69* 
60' 

!' 

70* 

69* 
71* 
70* 

60* 
69* 
70* 
69* 
70* 
60- 

60- 

68- 
68^ 
69* 
69* 
67' 

60* 
66' 
66- 

6r 

68- 
67» 

67* 
66* 
67* 
67* 
68* 
66" 

Efflnent  clear  and  colorleas,  and  with  very  slight  sediment. 
Total  eAaent  to  end  of  moutb»  100,730  gallune. 
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FILTRATION  OF  SEWAGE. 


FiUer  Tank  No.  tf  — Continued. 

■«p(eB>ber,  18S*. 


1 

1' 

it 

Rrsidub  ov 
Evaporation. 

Amhohia. 

1 

NiTROOBtr  AS 

1 

1  Tbxpkb- 

ATUKK. 

Datb. 

i 

1 

1 

< 

1 

1 

i: 

1 

«s 

1. 
2, 
3. 
4, 

6.         . 

6.  . 

7.  . 

8.  . 
9, 

10,  . 

11,  . 
12, 

15,  . 
14,         . 

16.  . 

16.  . 

17.  . 

18.  . 

19.  . 

20.  . 
21, 

22,         . 

23, 

24, 

26, 

26, 

27.  . 

28.  . 

29.  . 
80, 

600 
600 
600 

600 
600 
600 

600 
500 
600 

600 
600 
600 

42 

17 
876 

87 
418 

80 
400 

46 

26  1 
888 

47 
429 

46 
621 

81 

17 
390 

60 
632 

25 
481 

88 

14 
398 

437 

66 
433 

36 

20 

2.6 

26.6 

.0060 

.0032 

.0018 
.0016 

.0116 

.0110 

.0114 
.0070 

- 
.0166 

.0142 

.0132 
.0036 

1      ' 
6.32 

4.68 

4.61 
4.62 

1.8000 
1.6400 

1.4000 

- 

1.2600 

.0004 

.0003 

.0004 
.0003 

45  m. 

40  m. 
48  m. 

47  m. 

•nr 

71* 
71* 

70* 

«r 

68- 
C6* 
64* 

6r 

50* 
68* 

9r 
er 
$r 
6r 

70* 
60- 

e 
er 

TOP 

•r 
9ar\ 

Effluent  clear  and  colorless,  and  free  from  aediment. 
September  20.  — Some  efflaent  lost.     September  26,  1.45  p.m.,  to  September  26,  11.20  a.x.,  water 
backed  up  in  nnderdralns. 

Total  effluent  to  end  of  month,  106,681  gallona. 
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FiUer  Tank  No.  6—  Continued. 

0««ober,  isa*. 


11 

k 

Of 

EVAP01U.T10N. 

Ammokia. 

j 

KiTBOQKH  A8 

j 

7 

Tkmpkb^ 

ATUBB. 

Date. 

§ 

r 

1 

Em 

1 

»1 

< 

1 

1 

S 

1 

«s 

1.  . 

2.  . 
3, 

4, 

6. 

«.         - 

7.  . 

8.  . 

10,  . 

11.  . 
12, 

13,         . 

M.         . 

16,         . 

16, 

17, 

18, 

M.         . 

20, 

21, 

22, 

28,         . 

24, 

25.         . 

26, 

27, 

28, 

2», 

80,  . 

81.  . 

500 
600 

600 
500 
500 

500 
500 
500 

500 
500 
600 

500 
500 

445 

58 
428 

51 
426 

44 

65 
476 

49 
425 

47 
425 
182 

61 
425 

80 
412 

82 
427 

45 

24 
434 

49 
428 

51 
431 

49 

62 
534 

60 
430 

- 

" 

.0060 
.0082 
.0016 
.0052 
.0022 

.0060 
.0108 
.0100 
.0116 
.0114 

.0120 
.0140 
.0116 
.0168 
.0136 

4.67 
4.14 
4.60 
4.42 
8.62 

2.0000 
1.7000 
2.0000 
1.7000 
2.0000 

.0003 
.0010 
.0001 
.0000 
.0000 

48  m. 

lh.3ni. 
lh.5m. 

69* 
68* 
56' 

_ 
66* 

51- 

60* 

49' 
48* 
40* 

48* 
48- 

47* 

49- 
48* 

or 

61* 
60* 
61- 
60* 

60* 
50* 
68* 
58* 
56- 

6r 

56* 
65* 
56* 
54* 
55* 

sr 

52* 
52* 
52* 
61* 
52* 
52* 

62* 
61* 
51* 
61* 

Bfflaent  dear  and  ooIorleM,  and  free  from  aedlment. 
October  26.  —  G-raM  cut  from  one-half  of  Burfaoe. 
Total  effluent  to  end  of  month,  113,635  galloni. 
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FILTRATION  OF  SEWAGE. 


Number  of  Bacteria  in  a  Cubic  Centimeter  of  Effluent  from 

FiUer  Tank  No.  6. 

Datk. 

ISvaobtr 

of 
Bacteria. 

DATS. 

HTumber 

of 
Bacteria. 

Datb. 

Number 

of 
Bacteria. 

Datb. 

Namber 

of 
Bacteria. 

1889. 

lS88-Gon. 

1888- Con. 

1 

1888 -Con. 

Jan.      3,     . 

18 

March  22,     . 

4,426 

Sept.    15,     . 

56 

1  March  12,     . 

2T 

6.     . 

86 

24,     . 

305 

20,     . 

20 

19,     . 

47 

T,     . 

180 

27,     . 

1,734 

25,      . 

81 

26.     . 

174 

10.     . 

40 

29,     . 

816 

;».   . 

684 

April     2,     . 

3 

12.     . 

63 

31,     . 

616 

Oct.       2,     . 

99 

».     . 

16 

14.     . 

886 

April     3.     . 

404 

6,     . 

341 

16,     . 

9 

17.     . 

7.521 

19,      . 

378 

11,     . 

309    1 

24.      . 

14 

10.     . 

85.360 

25,     . 

127 

16.      . 

877 

30,     . 

4 

21.     . 

64,839 

28.     . 

210 

20,      . 

200 

May      7,     . 

2 

24,     . 

35,172 

May       8,     . 

5 

25,      . 

126 

14.     . 

2 

26,     . 

16,947 

10,     . 

90 

30,      . 

65 

21,     . 

3 

28,     . 

3,800 

12,     . 

12 

Nov.      3,      . 

64 

28,     . 

3 

31,     . 

1.724 

19,     . 

16 

8,     . 

820    1 

Jane      4,     . 

90 

Feb.       2.     . 

74 

22,     . 

4 

13.     . 

42    1 

11,     . 

90 

4.     . 

1,246 

26,     . 

SI 

19,      . 

613 

18,     . 

3S 

7,     . 

12.079 

29,     . 

8 

23,      . 

79 

26,     . 

70 

».      . 

1,399 

31,     . 

8 

28,      . 

40 

Jnly      2.     . 

76 

11,     . 

2,295 

Jone      5,     . 

4 

Deo.      6,     . 

37 

0,     . 

936 

14,     . 

2,615 

0,     • 

9 

10,     . 

14 

16,      . 

'       1.161 

16.     . 

199 

14,     . 

21 

14,     . 

6 

23,      . 

1       2.0S$ 

18.     . 

9,081 

21,     . 

610 

21,     . 

6 

80,      . 

1            '^ 

21.      . 

13,350 

26.     . 

28 

26,     . 

28  : 

Aug.      6,      . 

21 

23,      . 

23,236 

July      8,     . 

400 

1889. 

1 

12,      . 

'           65 

25.     . 

1,197 

7.     . 

86 

Jan.       2,     . 

23    1 

19,      . 

63 

28.     . 

6,619 

13,     . 

246 

8,     . 

874 

24,      . 

2.782 

March  1,     . 

10.257    1 

17,     . 

18 

16,     . 

2,368 

Sept.     2.      . 

612 

«.     . 

6,370 

21.     . 

72 

22,     . 

3,612 

10.      . 

1.440 

6,     . 

654 

Aug.      2,     . 

146 

29,     . 

1,576 

14,      . 

2,080 

8,     . 

2.660 

7.     . 

400 

Feb.       6,     . 

2 

24,      . 

40 

10,     . 

690 

11.     . 

104 

12,     . 

1,200 

Oct.       2,     . 

55 

16,     . 

4,235 

16,      . 

114 

19,      . 

3 

10,      . 

950 

IT.     . 

186 

21,      . 

452 

27,     . 

1 

16.     . 

36 

20.     . 

1,082 

Sept.    11,     . 

65 

March   6,     . 

234 

26,      . 

4 

Digitized  by 


Google 


FILTRATION  OF  SEWAGE. 


441 


Number  of  Bacteria  found  in  the  Effluent  of  Tank  No.  6  at  different  hours  before 
and  after  applying  Sewage. 


Dat». 

Time  Of  ConectSon. 

Bate  of  Flow, 
Cubic  Centi- 
meters    per 
Minute. 

Number      of 
Bacteria  per 
Cubic  Centi- 
meter. 

Date. 

Tmie  of  Collection. 

Kale  of  Flow, 
Cubic  Centi- 
meters    per 
Minute.         1 

Number  of 
Bacteria  per 
Cubic  Centi- 

,   meter. 

1888. 

1888- Con. 

Dec.  15,      . 

9.25  a.m..    . 

- 

3 

May  23,t     . 

- 

- 

- 

15.      . 

8.35  a.m..    . 

- 

1 

24,      . 

8.20  AM.,    . 

186 

12 

15,*     . 

9.37  to  9.54  A.M., 

- 

- 

24.      . 

1.55  PJf.,     . 

144 

1 

16,      . 

9.45  a.m..    . 

- 

2 

24,       . 

6.08  p.m.,     .        . 

124 

0 

16.       . 

9.55  a.m..    . 

- 

2 

25.       . 

8.10  a.m.,    .        . 

76 

0 

15,      . 

10.07  a.m.,    . 

- 

0 

25,*     . 

9.51  to  10.17  a.m., 

- 

- 

18.      . 

10.37  A.M..    .       . 

84? 

8 

26.       . 

2.06  p.m.,     .        . 

1,600 

1 

16.       . 

10.52  A.M..    .        . 

1,202? 

34 

25.       . 

4.60  p.m..     . 

800 

1 

15,       . 

11.07  a.m.,    .        . 

1,202? 

161 

27.       . 

8.10  a.m.,    . 

100 

7 

15,       . 

11.22  a.m.,    . 

2,271? 

118 

28.*     . 

10.24  to  10.38  a.m., 

- 

- 

28.       . 

2.00  pm.,     . 

1,820 

6 

28.       . 

4.32  p.m.,    .        . 

- 

13 

28.       . 

6.00  p.m.,     . 

820 

1 

».       . 

9.45  a.m..    .        . 

92 

20 

29.       . 

8.18  a.m.,     . 

198 

79 

».*     . 

9.56  to  10.15  a.m.. 

- 

- 

29.       . 

2.16  p.m.,     . 

144 

1 

29.       . 

10.16  a.m.,     . 

94 

13 

•    80.       . 

8.05  a.m.,    . 

80 

60 

29,       . 

10.30  a.m.,    . 

96 

46 

80,*     . 

9.55  to  10.16a.m., 

_ 

« 

».       . 

11.16  a.m.,     . 

5.160 

719 

80.       . 

2.00  p.m.,     .        . 

1,620 

8 

29.       . 

11.30  a.m.,    . 

4,380 

466 

80.       . 

6.06  p.m.,     .        . 

780 

37 

29,       . 

11.45  a.m.,    . 

3,640 

866 

81,       . 

8.06  a.m..    .        . 

174 

112 

29.       . 

12.45  p.m..    . 

2.040 

48 

81.       . 

2.25  p.m..    .        . 

136 

651 

1889. 

April  16.      . 

11.15  a.m.,    . 

48 

10 

81,      . 
June    1, 

5.05  P.M.,     . 
8.10  a.m..    . 

128 
80 

11 
8 

16,«     . 

11.36toll.54ik.M.. 

« 

« 

1,*    . 

9. 54  to  10.  15  a.m.. 

- 

- 

16.      . 

2.04  p.m..     . 

2,160 

28 

1,      . 

2.00  P.M.,     . 

1,640 

104 

16.      . 

2.37  p.m.,    . 

1,940 

39 

3.      . 

2.04  P.M.,     . 

136 

41 

16.      . 

5.05  p.m..    . 

1,000 

87 

8,      . 

5.14  p.m..     . 

120 

123 

17.      . 

9.15  a.m..    . 

204 

11 

4.      . 

8.25  a.m.,     . 

80 

62 

IT.       . 

4.45  p.m.,     .        . 

120 

6 

4,*     . 

10.05  to  10.21  A.M.. 

- 

- 

• 

4,      . 

1.58  P.M.,     . 

1,720 

490 

80,       . 

9.55  a.m.,     .        . 

66 

11 

4,      . 

5.08  P.M..    . 

760 

385 

30,«     . 

lO.lO  to  10.28  a.m., 

- 

- 

5.      . 

8.05  a.m.,     .        . 

220 

115 

80,       . 

11.50  a.m..    . 

1,152 

165 

6,       . 

1.58  p.m.,    .        . 

164 

14 

80,       . 

12.22  P.M.,     . 

1,800 

12 

6,       . 

6.08  p.m..     .        . 

140 

3 

80.       . 

6.14  P.M.,     .        . 

820 

156 

6,      . 

8.38  a.m.,    .        . 

80 

1 

May     1,      . 

9.20  a.m..     .        . 

188 

16 

6.*     . 

9.66  to  10.18  a.m., 

- 

- 

*  Three  handled  gallona  of  eewage  applied. 


t  Bacillas  prodlglosus  applied. 
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Number  of  Bacteria  found  in  the  Effluent  of  Tank  No.  6  at  different  hours  before 
and  after  applying  Sewage — Continued. 


Datk. 

TlmeofCoUectlon. 

liate  of  Plow, 
Cubic  Centi- 
meters    per 
Minute. 

Number      of 
Bacteria  per 
Cubic  CenU- 
mcter. 

Date. 

TlmeofCoUectlon. 

in 

lit] 

m 

lS89-Con. 

1        1 

l»»»-Con. 

Jane    6,      . 

2.04  p.m.,     . 

1,560 

63 

June  18, 

5.04  p.m..    . 

840 

84 

«>      • 

5.05  p.m.,    . 

760 

65 

w.     . 

7.58  a.m.,    . 

180 

165 

7.      . 

8.05  a.m..     . 

184 

1 

19.      . 

2.10  P.M.,    . 

128 

0 

7,      . 

1.58  p.m..     .        . 

140 

2.640 

19.       . 

5.03  P.M..     . 

120 

403 

7,      . 

5.05  p.m.,    . 

124 

0 

20,       . 

8.07  a.m..    . 

76 

6 

8.      . 

8.05  a.m.,     .        . 

76 

112,000 

8.*     . 

10.02  to  10.22  a.m., 

- 

- 

July     2.      . 

10.00  A.M..     .         . 

- 

76 

8.      . 

2.00  p.m.,     . 

1,560 

1,333 

2,      . 

12.10  p.m..     . 

44 

8.188 

8,       . 

5.03  p.m.,     .        . 

840 

1.363 

2.t     . 

1.40  to  2.31  P.M.. 

- 

- 

10,       . 

8.10  a.m.,     .        . 

88 

39.744 

2.       . 

2.38  p.m..     .        . 

5.520 

89.700 

10,       . 

2.02  p.m..    .        . 

766 

9 

2,       . 

2.50  P.M.,     . 

19,500 

33,326 

10,      . 

5.00  P.M.,    . 

66 

09 

2,       . 

5.05  p.m..     . 

1.440 

28,090 

11.       . 

8.03  a.m.,    . 

52 

117 

8.       . 

10.00  a.m..     . 

168 

10,234 

ll.»     . 

lO.Og  to  10.25  A.M., 

- 

- 

8,       . 

3.00  P.M..     . 

126 

2,291 

11,       . 

2.05  p.m.,     . 

1,720 

067 

11,       . 

5.05  p.m.,     . 

800 

66,000 

«.       . 

5.00  A.M..     . 

60 

8 

12,       . 

8.20  a.m.,    . 

156 

254 

».       . 

6.00  a.m..     . 

47 

9 

12,       . 

2.05  p.m.,     . 

144 

168 

9.       . 

7.00  a.m..    . 

42 

8 

12,       . 

5.08  P.M.,     .        . 

116 

47 

9.       . 

7.85  a.m.,     .        . 

44 

188 

13.       . 

8.08  a.m.,     .        . 

76 

97 

9,       . 

8.06  a.m.,     .        . 

44 

18 

IS,*     . 

10.07  to  10.81a.m.. 

- 

- 

9.1     . 

8.08  to  8.41a.m., 

- 

- 

IS.       . 

1.58  p.m.,     .        . 

1,420 

5,610 

9,       . 

9.05  a.m.,     . 

11,520 

4,416 

IS,       . 

5.02  p.m.,    .        . 

760 

14,352 

»,       . 

9.23  a.m.,    . 

9,860 

2.(85 

14.      . 

8.04  a.m.,    . 

180 

14,487 

9,      . 

10.08  A.M.,     .        . 

4,020 

1.975 

14.       . 

2.04  PJf..    . 

124 

86,540 

9,       . 

11.03  a.m.,    . 

2.400 

936 

16.       . 

8.05  a.m..    . 

76 

85.400 

9,       . 

1.00  p.Mm     . 

1.2Q0 

550 

16,*     . 

0.60  to  10.22  a.m., 

- 

- 

9,       . 

3.35  P.M.,     . 

720 

3M 

15.       . 

2.05  p.m..     . 

1.240 

2.523 

9.       . 

4.80  p.m..     . 

680 

208 

15.      . 

5.00  p.m.,     . 

723 

44,116 

9,     .. 

5.15  P.M..     . 

680 

9i 

17,      . 

8.25  a.m..     . 

76 

394 

9.       . 

7.00  p.m..    . 

424 

lis 

17,      . 

1.55  P.M.,     . 

04 

12 

9.       . 

9.00  p.m..     . 

356 

88 

17.      . 

5.02  p.m.,     . 

64 

9 

10,      . 

8.15  a.m.,    . 

168 

215 

18.      . 

8.10  A.M.,     . 

48 

126 

ll.t     . 

9.40  a.m.,     .        . 

72 

101 

18,t     . 

10.15  to  10.49  A.M., 

- 

- 

ll.t     . 

9.46  to  10.17  A..M.. 

- 

- 

18.      . 

2.04  P.M..    .        . 

1.740 

134 

11.       . 

10.17  a.m.,     .        . 

- 

1,740 

*  Three  hundred  galloDs  of  sewage  applied.  f  Five  hundred  gallons  of 

X  Bottle  touched  outlet  pipe  while  sample  was  collected. 


applied. 
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Number  of  Bacteria  found  in  the  Effluent  of  Tank  No.  6  at  different  hown  before 
and  after  applying  Sewage — Concluded. 


D4T1L 

TimeofCoUection. 

Bate  of  Flow, 
Cubic  Centi- 
meters    per 
Minute. 

1  Number      of 
Bacteria  per 
Cubic  Centi- 
meter. 

DATS. 

TimeofCoUection. 

Rate  of  Flow, 
Cubic  Centi- 1 
meters     per ' 
Minute.         1 

Number      of 
Bacteria  per 
Cubic  CenU- 
meter. 

l*§*-Con. 

1889— Con. 

July  11,       . 

10.22  a.m..    .        . 

- 

972 

July  20. 

10.80  a.m.,    . 

6.000 

925 

11.       . 

10.26  a.m.,     . 

8,120 

830 

20.      . 

11.15  a.m..     . 

4.800 

240 

11.       . 

10.30  a.m..    . 

8.880 

824 

20.       . 

11.44  a.m..     . 

3.420 

456 

11.       . 

10.36  a.m..     . 

13.650 

1.850 

20,       . 

2.05  P.M.,     . 

1.600 

30 

11.       . 

10.58  a.m..     . 

12,000 

1.575 

20.       . 

6.09  P.M.,     .        . 

900 

160 

i:.     . 

12.06  p.m.,     .        . 

1,740 

264 

11.     . 

2.04  p.m..     .        . 

1,480 

18.240 

25.       . 

6.00  a.m.,     .        . 

90 

204 

11.     . 

2.10  p.m..     .        . 

880 

2 

25,       . 

7.58  a.m.,     .        . 

90 

872 

11.     . 

3.05  p.m.,     . 

1,040 

1.450 

25.*     . 

8.00  to  8.31  A.M., 

- 

- 

11.     . 

4.35  p.m..     .        . 

780 

335 

25.      . 

8.41a.m.,     . 

800 

038 

11.     . 

6.23  P.M..    . 

700 

1.953 

25,       . 

8.44  a.m.,     . 

3,120 

572 

11,     . 

7.00  p.m..    .        . 

655 

403 

25,       . 

8.48  a.m.    . 

5,520 

1,161 

11.     . 

0.00  p.m.,     . 

440 

28 

25.       . 

8.51a.m..    . 

9,120 

052 

12.      . 

5.00  a.m.,?. 

225 

96 

25.       . 

8.64  a.m.,     . 

12,000 

1,696 

12,       . 

7.58  a.m..    . 

210 

590 

25.       . 

8.57  a.m..     . 

13.800 

2,080 

25.       . 

9.05  a.m..    . 

13,600 

1.188 

M.      . 

5.00  a.m.,     . 

76 

801 

26.       . 

9.15  a.m..    . 

12,975 

874 

20,*    . 

7.4»to8.10A,M.. 

- 

- 

25.       . 

9.30  a.m.,    . 

0,480 

1.230 

20,      . 

8.22  a.m..     .        . 

9.120 

493 

26.       . 

10.00  a.m..     . 

4,080 

976 

20,      . 

8.81am..     .        . 

29,400 

1.552 

25.       . 

10.17  a.m.,     .        . 

4.080 

870 

20,      . 

9.03  a.m.,     .        . 

18,000 

1,680 

25.       . 

10.30  a.m..    .        . 

8.660 

648 

20.       . 

9.80  a.m..     .        . 

7.740 

1,610 

25,       . 

11.00  a.m..    .        . 

2.720 

700 

20.      . 

10.00  a.m..     .        . 

6.000 

1,116 

*  Five  haodred  gallons  of  sewage  applied. 


Digitized  by 


Google 


444 


FILTRATION  OP  SEWAGE. 


FILTEE    TANK    No.    7. 


The  lower  four  feet  in  depth  of  this  filter  is  of  material  like  that 
of  Tank  No.  6. 

The  coarse  and  fine  sand  and  fine  gravel  were  brought  from  the 
same  pit  for  Tanks  No.  6,  No.  7,  and  No.  8 ;  and  shovelfuls  were 
thrown  alternately  into  each  of  these  tanks  to  make  them  as  near 
alike  as  practicable.  Tank  No.  7  has,  in  addition  to  this  material 
and  resting  upon  it,  ten  inches  in  depth  of  yellow  sandy  loam,  and 
above  this,  six  inches  of  brown  soil.  The  particles  of  each  of  the 
three  kinds  of  material  are  of  the  following  sizes :  — 


Approximate  Dl- 

ametor  of 
Ontni,  In  TucheB. 


Sand  and 

Qravcl. 

Percentase. 


Yellow 

Loam. 

Percentage. 


Broirn 

Soil. 

Percentaie. 


Coarser  than  aieye 
Between  sieve  No. 
Between  sieve  No. 
Between  sieve  No. 
Between  sieve  No. 
Between  sieve  No. 
Between  sieve  No. 
Between  sieve  No. 
Between  sieve  No. 


No.  2,        .       . 

2  and  No.     4, 

4  and  No.   10» 

10  and  No.   20, 

20  and  No.   40, 

40  and  No.   &5, 

65  and  No.   70, 

70  and  No.  100, 

100  and  No.  140, 


- 

17 

- 

- 

10 

- 

16 

14 

- 

25 

17 

W 

0.020  to  0.048 

10 

17 

22 

0.012  to  0.020 

5 

0.010  to  0.012 

1 

0.008  to  0.010 

2 

0.005  to  0.008 

1 

0.003  to  0.005 

1.8 

10 

0.001  to  0.003 

2.0 

14 

IT 

0.000  to  0.001 

0.2 

10 

The  yellow  loam  and  brown  soil  are  both  much  finer  than  the  sand 
beneath.  The  loam  has  15  per  cent,  finer  than  0.003  inch  in  diam- 
eter, and  the  soil  has  27  per  cent,  finer  than  0.003  inch,  while  the 
fine  sand  of  No.  2  has  but  ten  per  cent,  as  fine,  and  No.  4.  has  33 
per  cent.     Although  the  loam  has  not  so  much  fine  material  as  Xo* 
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4,  it  has  a  little  more  organic  matter,  and  the  presence  of  alumina 
is  evident  from  the  soft  feeling  of  the  finest  portion. 

Its  quartz  grains  and  other  material  insoluble  in  acid,  in  two  hours, 
amounted  to  94.37  per  cent.  The  soluble  parts  included  1.95  per 
cent,  of  alumina,  and  1.31  percent,  of  oxides  of  iron  and  manganese. 
The  loss  on  heating  to  redness  was  1.97  per  cent. 

The  brown  soil,  which  is  above  the  loam  and  forms  the  surface  of 
the  filter,  is  not  very  different  from  the  soil  of  Tank  No.  5.  It  has 
not  so  much  fine  material,  but  it  has  more  that  is  extremely  fine ; 
having  10  per  cent,  that  has  diameters  of  grains  less  than  0.001 
inch. 

The  quartz  grains  and  others  insoluble  in  acid  amount  to  88.07 
per  cent.  The  soluble  portion  includes  alumina,  2.44  per  cent. ; 
oxides  of  iron  and  manganese,  2.01  per  cent. ;  and  0.05  of  one  per 
cent,  of  lime. 

The  amount  lost  in  heating  to  redness,  which  is  probably  nearly 
all  organic  matter,  forms  7.00  per  cent.  This  large  percentage  no 
doubt  softens  when  it  is  'wet,  expands,  and  fills  the  interstices 
between  the  grains  more  than  the  same  amount  of  fine  material 
would  that  was  granular  and  unchanged  by  water. 

It  has  been  thought  that  soil  was  an  essential  part  of  a  good  filter. 
We  have  in  the  past  two  years  found  that  a  filter  made  entirely  of 
soil  as  fine  as  that  of  Tank  No.  5  was  entirely  unfit  for  purifying 
sewage,  as  no  nitrification  took  place.  In  Tank  No.  7  we  have  a 
filter  the  lower  four  feet  of  which  contained  material  identical  with  • 
No.  6 ;  but  it  had  in  addition  sixteen  inches  in  depth  of  loam  and 
soil,  that  the  advantage  or  disadvantage  of  this  addition  may  be 
determined  by  actual  use. 

Tables  of  the  daily  observations  and  the  chemical  analyses  and 
bacteriological  examinations  of  the  effluent  from  this  tank  are  given 
at  the  end  of  this  section. 

The  results  of  chemical  analysis  are  in  all  cases  given  in  pai*ts 
per  100,000. 

For  convenient  reference  the  monthly  averages  of  the  analyses  of 
sewage  applied  and  of  effluent  from  this  tank  are  given  in  the  follow- 
ing table,  which  includes  also  the  average  number  of  bacteria  found 
in  a  cubic  centimeter  of  the  effluent,  and  the  average  quantity  of 
sewage  filtered  daily.  The  latter  quantity  multiplied  by  200  would 
give  the  equivalent  quantity  that  would  have  been  filtered  on  an 
acre. 
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FILTRATION  OF  SEWAGE, 


Monthly  Averages  of  Daily  Results  with  Tank  No,  7. 


Datb. 


1888. 

Jan.  1-14,  . 

Jan.  14-20» 
Jan.  15-31, 


Jan.  21-Feb.  20, 
February, . 


Feb.  21-Mar.  28, 
ICarch,       . 


lCar.2S^Apr.20, 
April, 


Apr.  21-May  20, 


Apr.  21 


May  21-June  9, 
Jane, . 


Jone  10-25, 
July,  . 


June  26- Aug.  17, 
August,      . 


Aug.l8-Sept.l2, 
September, 


Sept.  13-Oct.  11, 
October,    . 


Oct.  12-Nov.  7,  . 
November, 


Nov.  8-28, . 
December, 

1889. 

Nov.  29,  'SS^an. 

1,  '89. 
January,    .       • 


Jan.  2-Jan.  28, . 
February, . 


Jan.  20-Mar.  2, 
Maroh,       . 


Mar.  8-Apr.  2, . 
April, 


Apr.  3-May  6,  . 
May.  .       .       . 


Effluent, . 

Sewage,  . 
Effluent, . 
Per  cent., 

Sewage,  . 
Effluent, . 
Per  cent.. 

Sewage,  . 
Effluent, . 
Per  cent.. 

Sewage,  . 
Effluent, . 
Per  cent.. 

Sewage,  . 
Effluent, . 
Per  cent., 

Sewage,  . 
Effluent, . 
Per  cent., 

Sewage,  . 
Effluent, . 
Per  cent., 

Sewage,  . 
Effluent, . 
Per  cent., 

Sewage,  . 
Effluent, . 
Per  cent., 

Sewage,  . 
Effluent, . 
Per  cent.. 

Sewage,  . 
Effluent, . 
Per  cent.. 

Sewage,  . 
Effluent, . 
Per  cent., 


Sewage,  . 
Effluent, . 
Per  cent., 

Sewi^e,  . 
Effluent, . 
Per  cent.. 

Sewage,  . 
Effluent, . 
Per  cent.. 

Sewage,  . 
Effluent, . 
Per  cent.. 

Sewage,  . 
Effluent, . 
Per  cent.. 


133 


RuiDna  Oft 
Evaporation. 


258  I 


193 


141 


86 


71 


54 


43 


42 


46 


49 


48 


82.93 
1.53 
2 

24.02 
1.6S 
7 

19.68 
1.72 
9 

36.51 
1.63 
4 

37.45 
4.51 
12 

28.45 
9.53 
33 

15.85 
4.46 
28 

43.98 
4.99 
11 

67.96 
3.95 


26.44 

2.22 
8 

17.56 
1.40 


18.60 
.96 
5 


14.55 
.67 
5 

10.95 

.93 

8 

9.64 

9 

13.66 

i 

13.04 
1.16 
9 


2.58 

S4.60 
5.29 
15 

15.10 
9.16 
61 

23.61 
8.42 


44.00 
10.02 
23 

43.53 
12.94 


33.06 
18.39 
56 

22.70 
24.30 
107 

46.92 
19.48 
42 

82.80 
25.61 
31 

41.84 
23.28 
56 

28.15 
18.92 
67 

31.71 

18.20 
57 


30.53 
16.12 
53 

23.87 
14.86 
62 

18.06 
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First  Apm.ication  of  Sewage. 

Water  had  been  filtering  through  this  tank  about  two  months. 
Sewage  was  first  applied  on  January  14,  1888.  The  next  day,  after 
231  gallons  had  flowed  out,  the  chlorine  of  the  effluent  had  increased 
to  two  times  the  amount  while  city  water  was  filtering,  showing  that 
some  sewage  had  found  its  way  through.  The  chlorine  of  the  efflu- 
ent gradually  increased,  until,  ten  days  after  the  first  application  of 
sewage  when  1,590  gallons  had  flowed  out,  it  nearly  equalled  that 
of  the  sewage,  —  showing  that  sewage  had  to  a  great  extent 
replaced  the  water  previously  in  the  sand.  Although  a  small  per- 
centage—  apparently  about  nine  per  cent.  —  of  the  effluent  was 
from  sewage  on  the  second  day,  it  has  been  estimated  that  the  bulk 
of  any  sewage  applied  does  not  reach  the  outlet  until  1,300  gallons 
have  been  pushed  before  it. 

About  200  gallons  of  sewage  were  applied  daily  until  January  21, 
and  from  January  24  till  March  22,  150  gallons  were  applied  daily. 
Till  January  23,  the  effluent  was  0.85  of  the  quantity  applied, — 
the  flow  being  somewhat  impeded  by  frost.  On  January  24,  the 
frost  was  twenty  inches  deep  in  the  tank,  and,  in  order  that  the 
applied  sewage  might  flow  down  more  readily,  four  holes  were  cut 
through  the  frost,  and  in  these  the  sewage  was  applied,  —  generally 
at  temperatures  of  from  38°  to  43°,— till  February  16.  On  Feb- 
ruary 18,  the  ice  was  all  removed  from  the  surface  and  the  sewage 
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nm  into  a  trench  2  inches  deep  and  18  inches  wide,  cut  18  inches 
from  the  edge  of  the  tank ;  and,  from  this  time  until  April  3,  the 
sewage  was  heated  to  temperatures  averaging  56^  before  application. 
After  March  14,  when  all  of  the  snow  was  again  removed  from  the 
tank,  there  was  little  interference  from  frost  and  the  sewage  was 
more  generally  distributed  through  the  upper  layers  of  the  tank. 

To  remove  the  frost  more  completely  the  quantity  of  sewage  was, 
on  March  23,  increased  to  500  gallons ;  and  this  quantity  was  applied 
daily  for  twelve  days,  till  April  3,  at  an  average  temperature  of  65°. 
The  temperature  of  the  effluent  on  March  23  was  34° ;  but  it  in- 
creased to  39°  on  April  2,  and  to  40°  on  April  3. 

Immediately  after  sewage  was  first  applied,  and  while  it  was  com- 
ing through,  mingled  with  the  water  previously  in  the  sand,  the 
nitrogen  of  the  effluent  as  nitrates  increased  to  0.020  parts  and 
continued  for  two  weeks  at  an  average  of  0.016  parts  ;  after  which 
it  decreased  and  remained  as  low  as  that  in  the  sewage,  averaging 
.004  parts  per  100,000  in  February  and  .006  parts  in  March.  The 
temperature  of  the  effluent  averaged  about  35°  with  a  maximum  of 
37°  for  these  two  months.  After  April  2,  when  the  temperature  of 
the  effluent  reached  39°,  the  nitrogen  as  nitrates  increased,  and  by 
the  end  of  the  month,  when  the  temperature  was  43°,  reached  .030 
parts. 

The  ammonias  of  the  effluent  which  had  been  0.0044  parts  per 
100,000  while  water  was  filtering,  increased  a  little  after  sewage  was 
applied,  and  averaged  0.0071  parts,  or  three-tenths  of  one  per  cent, 
of  those  of  the  sewage,  till  February  1.  Thus  in  cold  weather,  with 
no  nitrification,  while  3,100  gallons  of  sewage  entered  the  tank, 
nearly  all  of  the  ammonias  were  retained  in  the  sand  or  escaped  into 
the  air.  After  February  5,  they  increased  until  they  amounted  to 
0.4020  parts  on  February  26,  with  an  average  of  0.1963  parts  for 
the  month  or  13  per  cent,  of  the  ammonias  of  the  sewage.  During 
this  month  the  albuminoid  ammonia  increased  from  0.0062  parts 
to  0.0400  parts,  —  which  is  the  highest  for  several  months, — and 
averaged  0.0202  parts  or  4  per  cent,  of  that  of  the  sewage. 

Increase  in  NrrRiFiCAXiON. 

Although  the  nitrates  increased  a  little  after  April  2,  when  the 

temperature  of  the  effluent  rose  above  39°,  they  did  not  begin  to 

increase  rapidly  until  the  temperature  of  the  effluent  reached  50° ; 

after  which,  in  eighteen  days,  they  rose  from  0.200  parts  to  1.500 
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parts  on  June  8,  when  the  temperature  was  59°.  This  rise  in  the 
nitrates,  though  very  marked  and  rapid,  was  not  as  rapid  as  that  in 
Tank  No.  6,  where  the  same  change  occurred  in  fourteen  days  from 
May  5  to  19,  —  twenty  days  earlier  in  the  season,  —  and,  while  in 
No.  7  the  nitrates  immediately  fell,  and  in  one  month  were  down 
to  0.010  parts,  averaging  for  June  0.874  parts,  those  of  No.  6  went 
on  increasing  to  3.200  parts  on  June  6,  and  averaged  for  the  month 
1.539  parts.  The  result  is  that  Filter  No.  6,  without  the  covering 
of  loam  and  soil,  and  receiving  the  same  kind  of  sewage  as  No.  7, 
nitrified  efficiently  twenty  days  earlier  in  the  season,  and,  in  June, 
1888,  filtered  two  and  one-half  times  as  much  sewage,  with  nitrates 
one  and  three-quarters  times  as  high,  and  with  ammonias  averaging 
0.0124  parts,  when  those  of  No.  7  were  twelve' times  as  high  or 
0.1597  parts. 

By  reference  to  the  Diagram  of  Nitrates,  page  1 25,  it  will  be  seen 
that  No.  7  arrived  at  rapid  nitrification  later  in  the  season  than  any 
of  the  tanks  filled  with  sand  except  No.  2,  which  followed  in  about 
four  days  ;  but  the  nitrates  of  No.  2  became  much  higher  than  those 
of  No.  7,  and  averaged  for  the  month  of  June  two  and  one-third 
times  as  high,  or  were  2.056  parts  per  100,000. 

The  Surface  becomes  nearly  Impervious,  and  Nitrification 

Ceases. 
By  referring  again  to  the  diagram,  it  will  be  seen  that,  unlike  all  of 
the  sand  tanks  excepting  No.  4,  the  nitrates  of  No.  7  fell  rapidly  imme- 
diately after  reaching  the  maximum,  and  continued  falling;  and 
were,  from  July  5  to  August  3,  as  low  as  those  of  the  sewage.  No 
nitrification  was  then  taking  place.  The  reason  of  this  may  be 
found  in  the  condition  of  the  surface  and  in  the  fact  that  the  outlet 
was,  through  July,  trapped  by  a  glass  tube  so  that  no  air  could 
enter  there.  One  hundred  and  fifty  gallons  of  sewage  were  applied 
daily  in  May,  except  on  six  days,  when  none  was  applied.  Early 
in  June  this  quantity  did  not  all  disappear  from  the  surface  in 
twenty-four  hours;  and  after  June  14  the  quantity  applied  was 
reduced,  averaging  69  gallons  daily  for  the  remainder  of  the  month  ; 
but  an  average  of  only  45  gallons  came  through.  A  part  of  the 
remainder  evaporated,  and  a  part  accumulated  on  the  surface.  In 
the  first  11  days  of  July  an  average  of  45  gallons  a  day  was  applied ; 
and  the  eflBluent  averaged  22  gallons.  There  was  a  tough  green 
covering  on  the  surface  of  the  soil,  so  nearly  impervious  that,  with 
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sewage  accamulated  on  this  surface  to  the  depth  of  three  inches, 
only  22  gallons  passed  through.  After  July  11,  no  sewage  was 
applied  until  July  25,  —  in  order  to  allow  the  sewage  on  the  surface 
to  disappear,  which  it  did  at  the  end  of  12  days,  and  then  to  allow 
the  surface  to  dry.  While  disappearing,  with  an  average  flow  of 
only  20  gallons  per  day  or  at  the  rate  of  4,000  gallons  per  acre  per 
day,  nitrification  ceased. 

Surface  Cleaned  and  Nitrification  Begins  and  is  Continued 

BY   KeDUCINO   the    QUANTITY    OF    SeWAGE    APPLIED. 

On  July  25,  one-half  inch  in  depth  of  the  surface,  including  the 
green  covering,  was  scraped  off,  and  100  gallons  of  sewage  were 
applied,  —  which  disappeared  in  53  minutes.  This  quantity  was 
applied  daily  for  six  weeks.  At  the  end  of  ten  days  it  disappeared 
from  the  surface  in  one  hour  and  a  half,  and  the  nitrates  began  to 
increase.  They  increased  from  0.003  parts,  on  August  2,  to  1.100 
parts  on  August  13  and  16.  After  the  latter  date  sewage  disap- 
peared in  much  longer  time,  and  some  days  not  at  all ;  and  before 
the  end  of  the  month  the  nitrates  had  decreased  to  0.625  parts. 

The  average  quantity  of  effluent  during  August  was  100  gallons  a 
day,  or  20,000  gallons  per  acre  per  day.  This  was  evidently  more 
than  this  filter  could  nitrify ;  although  at  the  same  time  Tank  No.  6 
was  satisfactorily  purifying  at  the  rate  of  42,000  gallons  per  acre 
per  day.  After  September  8  the  quantity  was  reduced  to  150  gal- 
lons applied  three  times  a  week,  and  the  nitrates  increased  from 
0.220  parts  on  September  10  to  1.050  parts  on  October  11;  but 
even  with  this  method  of  application,  with  long  intermissions  and 
an  average  quantity  of  effluent  in  October  of  71  gallons  a  day,  the 
surface  was  covered  with  sewage  so  much  of  the  time  that  the 
nitrates  decreased  in  the  latter  part  of  the  month  to  0.560  parts, 
averaging  for  the  month  0.840  parts. 

Early  in  November,  the  quantity  was  again  reduced  to  100  gal- 
lons applied  on  three  days  in  a  week  ;  and  the  average  quantity  of 
effluent  was  54  gallons  a  day,  —  being  increased  by  the  rainfall. 
The  nitrates  were  quite  constant  and  averaged  0.672  parts  for  the 
month. 

On  November  22,  this  tank  was  covered  with  canvas,  and  no  rain 
or  snow  fell  upon  its  surface  until  after  March  13,  1889,  when 
the  canvas  was  removed. 

During  December,  1888,  no  rain  falling  upon  the  tank,  the  100 
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gallons  applied  three  times  a  week  gave  an  effluent  averaging  40 
gallons  a  day  or  at  the  rate  of  8,000  gallons  per  acre  per  day ;  and 
in  this  month,  for  the  first  time,  did  the  nitrates  of  Tank  No.  7 
compare  favorably  with  those  of  the  sand  tanks,  —  excepting  No. 
4.  They  averaged  0.739  parts.  It  is  evident  that  with  a  larger 
quantity  than  this,  nitrification  will  not  be  so  complete  as  with  the 
tanks  having  coarser  material  at  the  surface.  At  this  time  Tank 
No.  6  had  nearly  the  same  nitrates  (0.790  parts),  but  was  filtering 
three  times  as  much  sewage,  and  giving  an  effluent  of  about  the 
same  character. 

During  March  and  Apnl,  the  nitrogen  in  the  effluent  as  nitrites 
was  low,  averaging  .0005  parts  and  .0003  parts  for  these  two 
months.  It  increased  in  May,  and  in  June  reached  .0110  parts; 
but  again  fell  ofi*,  and  in  July  was  low,  averaging  but  .0002  parts. 
It  again  increased  in  August  and  September,  averaging  .0127 
parts  and  .0293  pai*ts  for  those  months.  From  the  beginning  of 
October,  it  rapidly  decreased  till,  at  the  end  of  the  month,  it  was 
but  .0001  parts ;  and,  for  the  next  seven  months,  was  very  low, 
and  generally  none  was  found. 

Now  that  the  nitrates  of  the  effluent,  which  have  the  most  inti- 
mate relation  with  the  condition  of  the  surface  of  the  filter,  have 
been  followed  through  the  first  year,  we  will  return  to  the  begin- 
ning of  Nitrification  in  April,  and  follow  the  changes  which  oc- 
curred in  the  ammonias. 

Purification  as  Shown  by  the  Ammonias  of  the  Effluent. 

As  with  most  of  the  other  filters,  an  increase  in  the  nitrates  is 
not  accompanied  by  a  decrease  in  ammonias,  but  such  decrease  fol- 
lows some  weeks  later. 

In  March,  1888,  when  there  was  no  nitrification,  the  ammonias 
were  lower  than  in  the  latter  part  of  February,  and  averaged  0.2301 
parts,  or  20  per  cent,  of  those  of  the  sewage.  The  albuminoid 
ammonia  averaged  0.0135  parts,  or  3  per  cent,  of  that  of  the  sew- 
age. During  April  and  May  and  until  the  middle  of  June,  the  sum 
of  the  ammonias  continued  nearly  the  same  as  in  March,  although, 
before  the  end  of  this  time,  the  nitrates  had  risen  to  the  highest  for 
the  year.  The  average  of  ammonias  for  April  was  0.2234  parts, 
for  May  0.2204  parts,  and  for  the  first  half  of  June  0.2042  parts. 
In  the  latter  half  of  June  they  were  less,  averaging  0.1152 
parts.     It  is,  however,  to  be  noted  that  while  the  sum  of  ammonias 
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was  nearly  constant  for  three  months  and  a  half»  there  was  more 
removal  of  nitrogenous  organic  matter  after  nitrification  began  than 
before.  The  sewage  in  the  three  months  grew  continually  stronger, 
and  the  percentage  that  the  ammonias  of  the  effluent  were  of  those 
of  the  sewage  decreased  from  20  per  cent,  in  March  to  13  per  cent, 
in  April,  and  to  9  per  cent,  in  May. 

The  albuminoid  ammonia,  which,  in  March,  was  0.0135,  or  3  per 
cent,  of  that  in  the  sewage,  averaged,  in  April,  when  there  was 
slight  nitrification,  0.0143  parts,  —  which  was  1.9  per  cent,  of  that 
of  the  sewage  ;  and  in  May,  when  nitrification  increased  rapidly,  it 
averaged  0.0089  parts,  which  was  0.7  of  1  per  cent,  of  that  in  the 
sewage.  In  June,  when  nitrification  reached  its  height  and  fell,  the 
albuminoid  ammonia  changed  in  an  opposite  direction  and  averaged 
0.0127,  —  which  was  2.1  per  cent,  of  the  weaker  sewage  of  this 
month. 

The  free  ammonia  was  nearly  constant  through  March,  April  and 
May,  and  to  the  middle  of  June,  —  averaging  0.2166  parts  in 
March,  0.2091  parts  in  April,  and  0.2115  parts  in  May ;  or  29  per 
cent.,  22  per  cent.,  and  19  per  cent,  of  that  of  the  sewage.  In  the 
first  half  of  June,  it  averaged  0.1910  parts;  and,  in  the  last  half, 
0.1030  parts;  and  was  for  the  month  11  per  cent,  of  that  of  the 
sewage. 

By  an  examination  of  the  diagram  of  results  with  Filter  Tank  No. 
7,  —  which  accompanies  the  table  of  chemical  analyses  and  observa- 
tions at  the  end  of  this  section,  —  it  will  be  seen,  that,  in  July, 
when  the  nitrates  had  become  nearly  as  low  as  those  in  the  sewage, 
the  sum  of  the  ammonias  of  the  effluent  increased  gradually  until 
July  27 ;  and  then  rapidly  until  August  2.  When  the  nitrates 
began  to  increase  the  ammonias  ceased  increasing  and  began  to 
decrease.  The  highest  point  that  ammonias  reached  at  this  season 
was  on  August  2,  when  they  were  0.4390  parts ;  to  which  they  had 
risen  in  July  from  0.0960  parts,  averaging  for  the  month  of  Jiilj 
0.1984  parts,  or  13  per  cent,  of  those  of  the  sewage.  In  August, 
they  fell  continually  through  the  month  to  0.1270  parts,  averaging 
0.2573  parts,  which  was  higher  than  in  July ;  but  as  the  sewage 
was  much  stronger,  this  was  but  8  per  cent,  of  the  amount  in  the 
sewage. 

Through  September,  in  which  month  the  nitrates  fell  and  rose 
again,  the  ammonias  fell  continually  to  0.0178  parts,  averaging 
0.1178  parts,  or  3  per  cent,  of  those  of  the  sewage. 
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The  albuminoid  ammoniay  which  in  August  averaged  0.0242 
parts,  fell  in  September  from  0.0200  to  0.0098  parts,  averaging 

0  0173  parts,  which,  on  account  of  some  extremely  strong  sewage 
in  tlie  first  part  of  the  month,  was  but  0.8  of  1  per  cent,  of  that  in 
the  sewage. 

During  October,  1888,  with  the  higher  nitrification  and  continued 
longer  intermissions  in  the  application,  we  have  the  first  satis- 
factory purification  by  this  filter.  This  was  four  months  after  Tank 
No.  6  —  without  the  soil  on  the  surface  —  began  such  purification. 
The  average  of  the  sum  of  ammonias  for  October  was  0.0135  parts. 
They  were  still  less  in  November,  averaging  0.0090  parts ;  and  in 
December  averaged  0.0070 ;  and  were  for  these  three  months  0.5  of 

1  per  cent.,  0.3  of  1  per  cent,  and  0.3  of  1  per  cent.,  respectively, 
of  those  of  the  sewage. 

The  albuminoid  anmionia  was  in  October  0.0084  parts,  in  Nov- 
ember 0.0079  parts,  and  in  December  0.0051  parts;  or  1.3  per 
cent.,  1.8  per  cent,  and  1.2  per  cent,  of  that  in  the  sewage. 

The  free  ammonia,  which,  in  September,  was  0.1005  parts, — 
the  lowest  of  any  month  up  to  that  time,  —  fell  rapidly  the  last 
week  in  September,  and  averaged  for  October  0.0051  parts,  for 
November  0.0011  parts,  and  for  December  0.0019  parts ;  or  0.3  of 
1  per  cent.,  0.05  of  1  per  cent,  and  0.1  of  1  per  cent,  of  that  of  the 
sewage. 

There  is  no  check  in  the  degree  of  purification  as  the  cold 
weather  comes  on.  We  have  found  that  this  filter,  with  100  gal- 
lons of  sewage  applied  three  times  a  week,  which  is  the  equivalent 
of  20,000  gallons  applied  to  an  acre  three  times  a  week,  gives  in 
December  an  effluent  averaging  8,000  gallons  per  acre  per  day, 
from  which  has  been  removed  more  than  99^  percent,  of  the  nitrog- 
enous organic  matter  of  the  sewage. 

Up  to  this  time  the  effluent  has  had  no  color,  except  for  ten  days 
in  the  early  part  of  August,  when  the  color  became  as  noticeable  as 
that  of  Cochituate  water.  This  was  when  the  ammonias  were  the 
highest,  after  the  period  of  no  nitrification  in  July.  Up  to  and  in- 
cluding June  there  was  very  little  sediment,  and  the  effluent  was 
nearly  clear ;  but  in  July  there  was  much  brown  flocculent  sediment, 
and  the  turbidity  was  decided.  The  odor  also  was  in  this  month 
sometimes  strong. 

In  the  first  part  of  August  these  conditions  were  the  same  as 
in  July;  but    as    the    nitrification    increased   and    the    ammonias 
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decreased,   the   effluent  became   clear  with   no   sediment  and  no 
odor. 

In  September  there  was  very  little  to  no  sediment,  very  slight  to 
no  turbidity,  and  no  color;  but  an  odor  could  be  distinguished. 
This  odor  continued  into  October;  but  afterward  faded  out  and 
became  imperceptible,  and  in  the  last  three  months  of  the  year  1888 
the  effluent  was  clear,  colorless,  and  with  very  little  or  no  sediment. 
A  bottle  was  filled  December  17  and  kept  a  year  in-  a  warm,  light 
place.  Upon  being  then  examined,  there  were  no  bacteria  and  no 
microscopic  organisms,  but  there  was  a  thin  deposit  of  very  dark- 
brown  sediment,  which,  under  the  microscope,  appeared  to  be  small 
inorganic  feathery  masses,  much  like  rust.  Upon  shaking  the  bottle 
vigorously  more  than  half  of  the  sediment  waa  disturbed,  and  some 
of  it  remained  in  suspension  many  days,  giving  a  dark  hue  to  the 
water.  Chemical  examination  showed  this  sediment  to  be  mainly 
black  oxide  of  manganese,  which  amounted  to  1.20  parts  per  100,000 ; 
besides  which  there  was  0.03  part  per  100,000  of  oxide  of  iron. 

Purification  in  the  Second  Year. 

For  the  following  six  months,  January  to  the  last  of  June,  1889, 
the  same  quantity  of  sewage  was  continued  with  the  same  intervals, 
giving  an  effluent  equivalent  to  9,000  gallons  per  acre  per  day. 

In  the  latter  part  of  January,  1889,  about  an  inch  in  depth  of  frost 
was  observed  in  the  tank,  and  this  increased  in  the  colder  month  of 
February  to  four  inches  and  one-half,  which,  however,  had  all  dis- 
appeared on  March  8  ;  and  only  on  one  occasion,  February  18,  when 
sewage  was  applied,  was  there  any  of  the  sewage,  previously  ap- 
plied,  on  the  surface  except  in  spots  of  ice.  In  the  cold  months 
the  sewage  was  generally  from  two  to  three  hours  on  the  surface. 
At  other  times  it  disappeared  in  about  an  hour. 

From  the  latter  part  of  October,  1888,  to  the  latter  part  of  June, 
1889,  this  filter  was  steadily  removing  as  much  as  99.6  per  cent,  of 
the  nitrogenous  organic  matter  of  the  sewage.  The  degree  of  nitri- 
fication at  different  seasons  in  the  seventeen  months,  after  nitrification 
commenced,  is  shown  by  the  following  table  :  — 
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Percentage  of  the   Total  Nitrogen  applied  in  the  Sewage  that  appears  in  the 

Effluent  as  Nitrates, 


May.        . 

Jane, 
July.  . 
August,  . 
September, 
October,  . 
November, 
December, 


Jannarj, . 
February, 
March,  . 
April,  . 
May,  . 
Jane, 
July, 

Angaat,  . 
September, 
October,  . 


Datk. 


1S88. 


1899. 


Total 
Nitrogen 

In 
Sewage. 


3.0192 
2.1868 
1.5387 
3.4731 
5.4689 
2.7060 
2.6225 
2.0844 


1.4848 
1.3033 
1.3880 
1.0678 
2.4422 
2.1676 
2.9051 
2.5670 
3.0075 
2.9619 


KItrates 

in 
Effluent, 
corrected 

for 
Quantity. 


.268 
.594 
.014 
.642 
.470 
.944 
.685 
.952 


.582 
.621 
1.484 
2.087 
2.203 
1.436 
1.994 
1.380 
1.490 


Per  Cent 


9 
28 

1 
18 

9 
35 
26 
46 

45 
42 
45 
73 
85 
106 
48 
78 
46 
60 


Quantity 

of 

EfMuent 

Qals. 


141 
86 
37 

100 
77 
71 
54 
40 

43 
42 
46 
49 
48 
38 
52 
53 
80 
135 


TUfPKXATURB. 


Sew- 
age. 


47* 
58' 
«8' 
71* 
69* 
59* 
49* 
46- 


44* 

45' 
88* 

49* 
64* 
71* 
71* 
60* 
64* 


Efflu- 
ent. 


50* 
60' 
69' 
70* 
66* 
6€" 
51* 
42- 

40- 
39* 
40* 
47' 
58* 
66' 
68* 
68* 
66* 
57' 


Purification  in  the  Winter  of  1888-89. 

During  the  four  cold  months,  December,  1888,  to  March,  1889, 
when  the  temperature  of  the  applied  sewage  averaged  45*^  and  that 
of  the  effluent  averaged  40^,  the  nitrogen  in  the  effluent  as  nitrates 
averaged  44  per  cent,  of  the  total  quantity  of  nitrogen  applied  in  the 
sewage.  The  nitrification  during  this  winter  was  more  complete 
than  in  the  previous  two  months,  and  eight-tenths  as  complete  as 
the  average  of  the  nine  months  of  steady  purification.  The  sums  of 
the  ammonias  were  less  than  one-half  of  one  per  cent,  of  those  of  the 
sewage,  —  about  the  same  as  in  the  nine  months. 

The  mean  of  the  analyses  for  the  four  cold  months  was  as 
follows :  — 
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Daily  quantity  of  effluent,  8,550  gallons  per  acre. 

Farts  per 
100,000. 

Loss  on  ignition, .  .0.86,      or  6  per  cent,  of  that  of  the  sewage. 

Fixed  residue,     .  .15.96,     or  61  per  cent,  of  that  of  the  sewage. 

Free  ammonia,    .  .    0.0013,  or  0.1  of  1  per  cent,  of  that  of  the  sewage. 
Albuminoid  ammonia,    0.0054,  or  1.8  per  cent,  of  that  of  the  sewage. 

Sum  of  anmionias,  .    0.0067,  or  0.4  of  1  per  cent,  of  that  of  the  sewage. 

Chlorine,     .        .  .3.78,     or  90  per  cent,  of  that  of  the  sewage. 

Nitrogen  as  nitrates,  .    0. 6510,  or  44  per  cent,  of  the  total  nitrogen  of  the  sewage. 

Nitrogen  as  nitrites,  .    0.0000. 

The  loss  on  ignition,  as  stated  elsewhere,  should  be  reduced  by  a 
quantity,  not  definitely  determined  for  all  cases,  but  shown  by  many 
experiments  to  be  from  0.5  to  0.7  parts  per  100,000 ;  but  it  is  given 
as  determined,  without  making  this  deduction. 

The  purification  as  shown  by  the  ammonias  is  extremely  satisfac- 
tory for  these  cold  months  ;  but  the  quantity  filtered  is  smaller  than 
it  is  desirable  to  be  limited  to,  in  practice,  in  any  filtration  area ; 
and  it  will  be  seen  that  Filter  No.  6  was  at  the  same  time  removing 
more  than  99  per  cent,  of  the  ammonias  from  three  times  as  much 


Stored  Organic  Matter  removed  from  the  Filter  by  Xitri- 

nCATION   IN   THE    SpRING    AND   EaRLY   SuMMER. 

By  the  table  of  the  percentage  of  tKe  total  nitrogen  found  in 
nitrates,  it  will  be  seen  that  in  Tank  No.  7,  as  in  the  other  tanks 
where  nitrification  was  taking  place,  it  became  more  complete  as  the 
growing  season  came  on.  From  45  per  cent,  in  March,  the  nitrates 
increased  to  73  per  cent,  in  April,  —  with  the  average  temperature 
of  the  efiluent  47°,  —  to  85  per  cent,  in  May  and  to  106  per  cent, 
in  June,  when  the  temperature  was  66°.  In  the  latter  month  it  is 
evident  that  nitrification  was  removing  stored  organic  matter  from 
the  tank ;  and  this  was  undoubtedly  the  case  through  the  month  of 
May,  and  possibly  the  case  in  the  month  of  April :  as  we  have  before 
found  in  other  tanks,  when  the  nitrogen  of  the  nitrates  exceeded  50 
to  75  per  cent,  of  the  total  nitrogen  applied,  a  part  of  this  came 
from  stored  nitrogen  in  the  tank. 

The  spring  and  early  summer  months  and  the  month  of  August 
have  proved  to  be  the  months  when  most  of  the  filters  were  becom- 
ing purified  by  nitrification,  or  the  burning  up  of  their  stored 
material  in  preparation  for  the  work  of  the  rest  of  the  year. 
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The  mean  result  of  the  comparatively  constant  condition  of  the 
effluent  for  the  eight  months,  from  Oct.  27,  1888,  to  June  27,  1889, 
is  as  follows :  — 

Daily  quantity  of  effluent,  8,880  gallons. 


Loss  on  ignition, 
Fixed  residue,    . 
Free  ammonia,   . 
Albuminoid  ammonia. 
Sum  of  ammonias,     . 
Chlorine,     . 
Nitrogen  as  nitrates,  . 
Nitrogen  as  nitrites,  . 


Parts  per 
100,100. 

1.13,     or   8  per  cent,  of  that  of  the  sewage. 
18.86,     or  73  per  cent,  of  that  of  the  sewage. 
0.0014,  or  0.09  of  1  per  cent,  of  that  of  the  sewage. 
0.0063,  or  1.7  per  cent,  of  that  of  the  sewage, 
0.0077,  or  0.4  of  1  per  oent.  of  that  of  tlie  sewage. 
4.04,     or  88  per  cent,  of  that  of  the  sewage. 
1.0610. 
0.0000. 


During  the  last  six  months  the  effluent  was  generally  clear  and 
colorless  and  without  sediment  or  odor ;  it  had  the  appearance  of  an 
excellent  spring  water. 

Intkoduction  of  Sewage  under  the  Soil  by  Means  of  Open- 
jointed  Drain  Pipe  surrounded  with  Gravel. 

The  quality  of  the  effluent  for  the  last  nine  months  had  been 
excellent ;  but  the  quantity,  being  less  than  10,000  gallons  per  acre 
per  day,  was  so  small  that  an  effort  was  made  to  determine  the  result 
of  introducing  sewage  under  the  soil  into  the  sand  by  means  of  a 
pipe  having  open  joints  suiTOunded  with  gravel. 

On  June  25,  1889,  a  trench  was  cut  in  the  tank  three  feet  and  a 
half  deep  and  two  feet  wide,  the  outer  edge  being  one  foot  and 
a  half  inside  of  the  periphery  of  the  tank. 

Gnivel,  too  coarse  to  go  through  a  sieve  whose  meshes  were  three- 
quarters  of  an  inch  on  a  side,  was  filled  into  the  trench  to  a  depth 
of  two  feet.  In  the  middle  of  the  upper  layers  of  this  gnivel  was 
laid  a  six-inch  drain  pipe,  with  open  joints  once  in  two  feet.  The 
top  of  this  drain  pipe  was  level  and  even  with  the  top  of  ihe  gravel. 
Above  this  the  trench  was  filled  with  one  foot  of  yellow  loam  and 
five  inches  of  brown  soil  as  before. 

A  vertical  four-inch  pipe,  connected  with  one  end  of  the  drain 
pipe,  served  for  the  entrance  of  sewage,  which  was  applied,  50  gal- 
lons daily  except  Sundays,  from  June  29  to  August  29  ;  then  100 
gallons  on  week  days  till  September  29  ;  after  which  it  was  con- 
tinued at  150  gallons. 
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There  was  no  falling  off  in  the  quality  of  the  effluent  from  the 
change,  nor  from  the  subsequent  increase  in  quantity. 

Through  July  and  August,  with  the  quantity  of  effluent  at  10,500 
gallons  per  acre  per  day,  the  nitrogen  of  the  nitrates  was  63  per 
cent,  of  the  total  nitrogen  of  the  sewage.  The  free  ammonia  was 
0.0011  parts,  or  0.05  of  1  per  cent,  of  that  of  the  sewage  ;  the  albu- 
minoid ammonia  was  0.0070  parts,  or  1.2  per  cent ;  and  the  sum  of 
ammonias  0.0081  parts,  or  0.3  of  1  per  cent,  of  that  of  the  sewage. 
With  the  increase  in  quantity  filtered,  through  September,  to  16,000 
gallons  per  acre  per  day,  the  result  was  nearly  identical  with  the 
last.  With  the  further  increase  to  27,000  gallons  per  acre  per  day, 
continued  through  October,  there  was  but  little  change.  The  free 
ammonia  averaged  0.0008  parts,  or  0.04  of  1  per  cent. ;  the  albumi- 
noid ammonia,  0.0107  parts,  or  1.3  per  cent. ;  and  the  sum  of  the 
ammonias,  0.0115  parts,  or  0.4  of  1  per  cent,  of  those  of  the  sewage. 
The  nitrates  were  50  per  cent,  of  the  total  nitrogen  of  the  sewage. 
The  effluent  continued  entirely  clear  and  colorless,  and  without  sedi- 
ment or  odor. 

Up  to  October  21  ,air  could  follow  the  sewage  into  the  drain  pipe 
through  the  entrance  pipe.  As  this  would  not  be  the  case  in  an 
extensive  system  of  pipes  used  at  intervals  and  cut  off  by  gates,  the 
entrance  was  changed  by  the  insertion  of  a  trap  at  the  bottom  of 
the  vertical  pipe,  so  arranged  that  the  sewage  could  flow  in  both 
directions  into  the  drain  pipe  circling  around  the  tank,  but  no  air 
could  follow  it ;  thus  rendering  it  necessary  that  all  air  coming  in 
contact  with  the  sewage  in  the  sand  should  come  down  through  the 
soil.  Up  to  the  time  of  going  to  press,  the  same  quantity  —  27,000 
gallons  per  acre  per  day  —  has  been  filtered.  Through  November 
and  December  the  nitrates  were  higher  than  in  most  of  the  other 
good  filters  ;  but  through  the  following  months  to  April,  1890,  they 
have  been  lower.  The  ammonias  have  slowly  increased;  and  the 
average  sum  of  ammonias  for  the  month  of  March,  1890,  was  O.O160 
parts,  which  is  0.8  of  1  per  cent,  of  those  of  the  sewage.  The 
nitrates  during  this  month  have  averaged  0.6875  parts.  Tank  No. 
4,  filtering  the  same  quantity,  has  the  same  sum  of  ammonias,  but 
its  nitrates  are  higher,  being  1.25  parts.  We  have  yet  to  see  what 
may  be  the  effect  of  the  spring  and  summer  nitrification  before  we 
can  have  a  fair  judgment  upon  the  permanence  of  results  from  this 
method  of  application  of  sewage.  By  the  method  here  introduced, 
of  placing  the  sewage  in  pipes  under  the  fine  soil,  we  are  enabled  to 
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filter  three  times  as  much  sewage  as  it  was  possible  to  filter  through 
the  fine  garden  soil  by  applying  sewage  over  the  surface,  with  a 
chemical  purification  that  has  for  five  months  continued  very  satis- 
factory. 

Bacteria  in  the  Effluent  of  Tank  No.  7. 

During  the  early  pail  of  January,  1888,  while  water  was  filtering, 
the  number  of  bacteria  found  in  a  cubic  centimeter  of  the  effluent 
averaged  33.  The  number  counted  from  time  to  time  since  Jan- 
uary 1 ,  1888,  may  be  found  in  a  table  at  the  end  of  this  section. 

Three  days  after  sewage  was  applied,  the  number  rose  to  1,494; 
and  four  days  later,  to  42,384.  Ten  days  after  sewage  was  applied, 
when  the  chlorine  indicated  that  the  effluent  was  nearly  all  from 
sewage,  the  number  was  5,100  ;  and  through  the  remaining  week  in 
January  the  number  averaged  2,346.  During  this  time  of  lower 
numbers  the  nitrates  were  a  little  higher  than  those  of  the  sewage, 
being  0.016  parts. 

On  Februaiy  2  the  number  was  exceptionally  low,  — 13  ;  but  in 
the  next  week  it  rose  to  24,411  and  on  one  other  day  was  21,960, 
but  generally  was  much  lower.  These  high  numbers  were  probably 
due  to  a  large  amount  of  sewage  being  put  "into  the  tank  by  a  single 
hole  through  the  frost,  which  hole  extended  through  the  soil.  The 
average  number  in  February  was  7,335,  which  is  about  one  per 
cent,  of  the  number  applied  in  the  sewage. 

In  March,  while  the  application  of  150  gallons  was  continued 
daily,  the  number  averaged  4,367  ;  but  upon  increasing  the  quantity 
to  500  gallons  a  day  and  continuing  this  quantity  from  March  23  to 
April  3,  the  number  of  bacteria  increased,  and  on  one  day  amounted 
to  68,564,  and  averaged  27,980  per  cubic  centimeter. 

The  usual  quantity  of  150  gallons  was  resumed  on  April  4  and 
continued  thereafter,  except  that  none  was  applied  April  7  to  9.  On 
April  19,  when  the  next  count  of  bacteria  was  made,  the  number 
was  only  363.  A  week  previous  to  this  date  nitrification  commenced. 
The  amount  of  the  nitrates  was  small,  being  but  0.018  parts,  but  it 
was  greater  than  it  had  been  in  March,  when  it  averaged  0.006  parts. 
In  the  last  ten  days  of  April  the  number  of  bacteria  averaged  195. 
In  May,  with  moderate  increase  in  nitrates,  the  first  three  weeks  the 
number  averaged  27  ;  but  before  the  end  of  the  month,  with  the  rapid 
increase  in  nitrates  to  0.800  parts,  the  number  was  reduced  to  5. 
The  average  for  the  month  of  May  was  15. 
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In  June,  while  the  very  high  nitrification  continued,  the  number 
continued  small,  although  the  ammonias  remained  high  ;  but  with  the 
decrease  in  nitrates  the  number  increased  to  117  at  the  end  of  the 
month,  averaging  47. 

In  July,  with  the  decrease  in  the  nitrates,  the  number  increased  at 
first  to  1,071  on  July  5,  and  averaged  293  in  the  first  two  weeks; 
but  as  no  sewage  was  applied  from  July  12  to  24,  the  long  time 
required  for  the  passage,  when  but  20  gallons  flowied  out  in  a  day, 
was  evidently  nearly  if  not  quite  fatal  to  tliera,  as  the  number  found 
in  the  latter  half  of  the  month  averaged  but  10,  —  and  it  is  probable 
that  these  grew  in  the  underdrains.  In  fact,  the  whole  number  found 
in  the  effluent  of  this  tank  after  nitrification  became  active  has  been 
so  small,  and  the  time  of  passage  when  nitrates  have  at  intervals 
been  low  has  been  so  long,  that  it  may  be  that  none  of  these 
counted  have  come  through  the  tank,  but  all  have  grown  in  the 
underdrains. 

The  number  1,071,  just  mentioned,  was  the  highest  number  counted 
in  the  fifteen  months  in  which  sewage  was  applied  to  the  surface  of 
this  tank  after  nitrification  first  became  active  ;  and  this  numl>er  was 
found  on  July  5,  a  few  days  after  a  glass  trap  had  been  put  upon  the 
outlet,  which  excluded  air  and  flooded  the  outlet  pipe.  The  counts 
in  %uccession  for  the  next  two  weeks  were  as  follows  :  1,071,  104, 
100,  93,  8,  10.  This  result  of  a  sudden  increase  after  closing  the 
outlet  pipe,  and  a  gradual  decrease  to  the  number  when  kept  con- 
stantly open,  was  observed  at  Tank  No.  5  under  similar  circum- 
stances, and  indicates  that  it  is  a  local  change  in  the  underdrains  or 
outlet  pipe,  and  does  not  express  an  additional  number  coming 
through  the  filter.  It  may  be  due  to  floating  from  their  resting 
places  and  taking  into  the  current  those  that  have  grown  on  the 
moist  parts  of  the  outlet  pipe  or  underdrains,  which  are  flooded  hy 
the  effluent  held  back. 

The  average  number  of  bacteria  per  cubic  centimeter  counted  in 
each  month  may  be  found  in  the  table  before  given  of  Monthly 
Averages  of  Daily  Results  with  Tank  No.  7.  The  highest  number 
there  given,  after  nitrification  began,  while  sewage  was  applied  to 
the  surface,  was  170  for  September,  1888.  The  ammonias  were  then 
quite  high,  amounting  to  0.1178  parts  per  100,000  ;  and  the  nitrates 
were  low,  and  —  owing  to  the  unusual  amount  of  organic  matter  in 
the  sewage  then  applied  —  contained  but  9  per  cent,  of  the  nitrogen 
of  the  sewage. 
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In  October,  when  the  nitrates  contained  35  per  cent,  of  the  nitro- 
gen of  the  sewage,  and  the  ammonias  were  much  reduced,  the  average 
number  of  bacteria  for  the  month  was  20. 

Probable  Complete  Removal  of  All  Bacteria  during 
Nitrification. 

For  the  next  eight  months,  when  purification  was  satisfactory,  the 
number  of  bacteria  found  in  a  cubic  centimeter  of  the  effluent  aver- 
aged only  7,  the  highest  monthly  average  being  11. 

The  smallness  of  this  average  number,  7,  found  in  the  effluent 
during  satisfactory  chemical  purification,  when  the  average  number 
applied  to  the  surface  of  the  tank  was  630,000,  renders  it  extremely 
probable,  that,  under  the  conditions  of  nitrification  then  existing  and 
the  long  time  of  twenty-nine  days  of  the  passage,  no  bacteria  came 
down  through  the  tank ;  but  that  these  grew  in  the  outlet  pipe,  in 
the  underdrains,  and  on  the  gravel  resting  on  the  bottom  of  the 
tank,  where  they  could  get  air  from  the  outlet,  and  an  extremely 
small  quantity  of  food  from  the  water. 

We  have  reason  to  conclude  that  the  material  of  this  tank,  with 
its  upper  layers  of  fine  loam  and  soil,  will  filter  for  a  long  period 
9,000  gallons  of  sewage  per  acre  per  day,  with  an  effluent  chemically 
purer  than  the  water  of  good  wells,  and  entirely  exclude  the  bacteria 
of  the  sewage,  thus  rendering  the  effluent,  as  far  as  is  known,  an 
unobjectionable  drinking  water. 

Change    in   Character  of   the  Filter    by   applying   Sewage 

BENEATH    THE    SoiL. 

The  trench  that  was  dug  on  June  25,  1889,  to  within  two  feet  of 
the  bottom  of  the  tank,  and  filled  with  coarse  gravel  up  to  the  area 
to  which  sewage  was  to  be  applied,  changed  the  character  of  the 
filter,  especially  in  regard  to  its  being  a  passage  fatal  to  bacteria. 
Applying  the  sewage  below  the  upper  layers  of  fine  material,  and 
into  a  depth  of  two  feet  of  coarse  material,  through  which  the 
liquid  would  rapidly  flow,  there  remained,  below  this,  scarcely  two 
feet  of  material  like  that  of  Tank  No.  6  ;  so  that  the  time  of  passage 
of  the  sewage  in  general,  and  the  rapidity  with  which  the  advance 
particles  of  the  sewage,  applied  after  an  interval,  would  reach  the 
bottom,  would  be  likely  to  render  the  passage  of  some  of  the  bac- 
teria more  free  and  less  fatal,  and  render  the  number  more  irregular 
than  in  the  tanks  of  coarse  sand  already  considered. 
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In  the  two  months  after  the  sewage  was  poured  into  the  drain 
pipe,  —  50  gallons  on  six  days  in  the  week,  —  there  was  no  marked 
increase  in  the  number  of  bacteria.  The  average  number  for  July- 
was  4,  and  for  August  was  11. 

Four  days  after  the  daily  quantity  was  increased  to  100  gal- 
lons,—  on  September  2,  —  an  hour  cCfter  the  sewage  was  applied, 
the  effluent  contained  4,256  bacteria  per  cubic  centimeter ;' but  on 
subsequent  days  in  the  month,  the  number,  in  a  sample  taken  the 
same  time  after  sewage  was  applied,  was  less,  being  57  on  Septem- 
ber 14,  and  13  on  September  26.  The  number  found  in  the  morn- 
ing before  sewage  was  applied,  was  23  on  September  7,  and  4  on 
September  24.  On  September  21,  two  hours  and  twenty  minutes 
after  application,  the  number  was  6. 

Increase  in  Number  of  Bacteria  follows  an  Increase  ix 
Quantity  of  Sew^age  filtered,  but  the  Number  is  again 
reduced  >vhen  the  filter  becomes  adapted  to  the  i\- 
CREASED  Quantity. 

On  the  last  day  of  September  the  quantity  was  changed  to  150 
gallons ;  and  this  change,  like  that  of  the  previous  month,  was 
accompanied  by  a  marked  increase  in  the  number  of  bacteria, 
which,  however,  soon  decreased.  In  October  the  number  observed 
in  samples  taken  about  fifty  minutes  after  sew^age  was  applied  was 
as  follows :  — 


Day  of  Moxtu. 


10. 
17. 


Rate  of 
Flow,  Cubic 

Centl- 
mcten  per 

Minute. 


4,200 
4^920 


Number 
of  Bacteria 

per  Cubic 
Uentimcter. 


7,800 
8 


DAT  OF  Month. 


24, 
31. 


Kate  of 
Flow,  Cubic 

CenU- 
metersper 

Minute. 


4,S0O 
4.980 


Knmber 
ofUacterU 

per  I'ubic 
Oentlneter. 


lis 

1T2 


In  samples  taken    about  three  hours  and  thirty  minutes  after 
sewage  was  applied,  the  number  was  as  follows  :  — 


DAT  OF  Month. 

Rate  of 
Flow,  Cubic 

Centi- 
meters per 

Minute. 

Number 
of  Bacteria 

per  Cubic 
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DAT  OF  Month. 
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Flow,  CoUc 

Centi- 
meters per 

Minute. 

Nofflber 
ofBactfri* 

perC«l>K5 
denamcter. 

% 

10 

800 
030 

8.4M      j 
434 

25 

29. 

750 
900 

S3 
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and  one  sample  taken  October  16,  before  sewage  was  applied,  con- 
tained 9  per  cubic  centin^ter. 

These  results,  as  well  as  those  in  September,  indicate  that  an 
increase  in  quantity  of  sewage  applied  makes  a  disturbance  in  the 
conditions  of  the  tank  by  which  more  bacteria  are  able  to  live 
through  the  passage;  but  after  a  while,  —  in  those  cases  about 
two  weeks,  —  the  conditions  become  nearly  as  fatal  as  when  the 
previous  smaller  quantity  was  filtering. 

By  the  chemical  analyses  we  find  a  decrease  in  the  nitrates  in  the 
first  two  weeks  after  the  increase  in  quantity,  followed  by  an  increase 
in  nitrates.  Thus,  on  August  26,  before  the  change  to  100  gallons, 
which  occurred  August  30,  the  nitrates  were  1  6100  parts.  With 
the  increase  in  quantity  they  fell,  and  were  1.4000  parts  on  Septem- 
ber 2  and  7 ;  but  on  September  14  they  had  again  increased  to 
1.6000.  Again,  on  September  26,  they  were  1.4000  ;  but  after  the 
change  to  150  gallons  on  September  30,  they  became,  on  October  3, 
1.3400  parts ;  and  on  October  17  they  had  again  increased,  reaching 
1.7500  parts. 

There  was  an  increase  in  the  ammonias  in  October,  after  the 
increase  in  quantity,  followed  by  a  decrease  in  ammonias  when  the 
nitrates  increased  ;  but  this  change  was  not  observable  in  September. 

We  find  here,  as  in  some  of  the  other  tanks  that  have  been  de- 
scribed, an  adaptation  to  the  changes  in  the  work  required  of  the 
filter ;  but  some  time  is  required  in  which  to  become  adapted  to  the 
new  conditions. 

In  general,  the  circumstances  most  favorable  for  the  complete 
destmction  of  bacteria  in  filters  are  those  most  favorable  for  the 
complete  removal  of  nitrogenous  organic  matter.  The  completeness 
with  which  the  organic  matter  has  been  burned,  and  thus  changed  to 
mineral  matter,  may  in  a  general  way  be  taken  as  a  measure  of  the 
destruction  of  bacteria ;  although  the  percentage  of  the  organic  mat- 
ter remaining  in  the  effluent,  as  shown  by  the  sum  of  the  ammonias, 
is  generally  greater  than  the  percentage  the  number  of  bacteria 
remaining  is  of  the  number  applied. 

We  have  concluded  that  when  sewage  was  applied  to  the  surface 
of  the  soil  during  the  eight  months  of  nitrification,  when  the  sum  of 
the  ammonias  amounted  to  0.4  of  one  per  cent,  of  those  of  the 
sewage,  no  bacteria  lived  to  get  through  ;  the  number  found  in  the 
effluent  was  one  in  100,000  of  the  number  in  the  sewage.  After 
the  sewage  was  introduced  into  coarse  gravel  below  the  soil,  the 
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number  coming  through  has  varied  with  the  changing  conditions,  — 
at  one  time  becoming  as  high  as  one  per  cent,  of  the  number 
applied,  but  averaging  a  small  fraction  of  one  per  cent. 

In  November,  1889,  when  the  quantity  applied  was  the  same  as 
through  the  previous  month,  and  the  chemical  result  was  nearly  con- 
stant and  very  satisfactory,  the  sum  of  ammonias  was  0.4  of  1  per 
cent,  of  that  of  the  sewage,  and  the  number  of  bacteria,  averaging 
225  per  cubic  centimeter,  was  0.04  of  1  per  cent,  of  the  number  in 
the  sewage.  This  very  small  percentage  of  the  bacteria  that  sur- 
vives the  passage  is  probably  limited  to  a  few  of  the  kinds  that  are 
to  be  found  in  the  sewage ;  and  whether  any  of  these  surviving  are 
harmful,  remains  to  be  determined  by  further  study  of  the  species. 

Microscopic  Organisms  ix  Effluent  of  Tank  No.  7. 

The  only  vegetable  organism  found  in  the  effluent  of  Tank  No.  7 
has  been  Leptothrix,  on  five  occasions,  to  the  average  number  of 
48  in  a  gallon. 

Of  animal  forms,  samples  of  Monas  have  been  found  twice,  and 
of  ciliata  once.  No  microscopic  organisms  of  any  kind,  except  bac- 
teria as  above,  have  been  found  in  the  effluent  since  the  early  part 
of  November,  1888. 

Summary  of  Advantages  and  Disadvantages  of  Soil  on  a 

FrLTER  Bed. 

The  results  of  our  experiments  upon  the  advantages  and  disad- 
vantages of  using,  for  filtering  sewage,  an  area  covered  with  a  layer 
of  soil,  may  be  summarily  stated  as  follows  :  — 

The  experiments  have  been  limited  to  fine  soils,  quite  retentive 
of  water. 

With  a  depth  of  five  feet  of  soil  no  purification  by  nitrification 
occurred  when  the  quantity  filtered  was  only  7,500  gallons  per  acre 
per  day ;  and  the  organic  nitrogenous  matter  in  the  effluent  was 
nearly  as  great  as  in  the  applied  sewage.  It  is  known,  however,  that 
for  several  months  the  average  number  of  bacteria  in  the  eflluent 
was  only  one  in  25,000  of  the  number  applied  to  the  filter;  and  it 
is  probable  that  none  lived  to  pass  through  the  filter. 

AVith  the  ordinar}''  depth  of  soil  resting  on  yellow  luam,  as  it  is 
often  found  in  this  State,  and  this  underlaid  by  four  feet  of  good 
filtering  sand,  we  find  that  only  about  9,000  gallons  of  sewage  may 
be  filtered  upon  an  acre  daily,  with  the  result  of  removing  99.5  per 
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cent,  of  the  organic  matter,  and  probably  removing  all  of  the  bac- 
teria ;  while,  if  the  soil  and  loam  be  removed,  the  underlying  sand 
may  be  able  to  filter  three  times  as  much,  or  30,000  gallons  per  acre 
per  day,  giving  an  effluent  as  pure,  chemically,  as  when  covered 
with  soil,  but  not  removing  so  completely  the  bacteria,  —  allowing, 
ordinarily,  a  small  fraction  of  one  per  cent,  to  pass  through  the 
filter. 

For  filtering  sewage  upon  the  margin  of  a  drinking-water  stream, 
a  large  area  covered  with  fine  soil,  or  a  smaller  area  of  very  fine 
sand,  would  be  preferable  to  a  much  smaller  area  of  coarse  sand  or 
a  mixed  sand  and  gravel,  in  that  the  former  could  be  so  managed 
that  no  bacteria  could  pass  through.  For  filtering  sewage  on  any 
land  that  does  not  drain  into  a  drinking-water  stream,  the  covering 
of  fine  soil  is  a  disadvantage.  The  quantity  applied  to  it  must  be 
kept  very  small,  or  nitrification  and  purification  will  be  prevented. 
The  smaller  areas  of  sand  can  be  made  to  give  as  good  an  effluent 
chemically,  with  all  the  reduction  in  the  number  of  bacteria  that  is 
necessary. 
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FILTER   TANK   N«.  7. 
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January  1. — Four  Inches  of  ice  on  surface.  January  2  and  8.  — Three  Inches  of  Ice  and  water. 
January  4  and  5.  —  Three  inches  of  ice.  January  6  and  7.  —  Three  and  one.half  inches.  January  8. — 
Three  and  one-half  inches  of  ice  and  water.  January  9.  — Four  inches  of  ice.  January  10  and 
11.— Some.  January  17.  —  One  and  one-half  inches.  January  24.  —  Twenty  inches  of  frost.  January 
12.  — Two  circular  trenches  dug  in  surface  of  tank  and  filled  with  coarse  sand.  January  14.— First 
■ewmge  applied.    January  24  to  27. — Sewage  applied  in  three  or  four  holes  cut  through  frost. 

Total  efSuent  to  end  of  month,  2,419  gallons. 
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FiltenTank  No.  7 —  Continued. 


i 

li 

li 

BB8IDUK  ON 
EVAPOaATION. 

Ammomia. 

1 

NiTBOOBSf  A8 

1 

TKJfPKR- 
▲TCKK. 

Datr. 

1 

1 

is 
< 

1 

Cfi 

1 

s 

1 

i 

1.   . 

150 

103 

1.30 

7.85 

.0022 

.0082 

.0084 

2.37 

.0080 

.0005 

- 

40* 

35- 

2.   . 

150 

146 

- 

- 

- 

- 

- 

- 

- 

- 

- 

sr 

35- 

3.   . 

150 

120 

2.80 

7.60 

.0502 

.0108 

.0610 

1.88 

.0080 

.0005 

- 

43* 

35- 

4,   . 

150 

136 

- 

- 

- 

- 

- 

- 

- 

- 

38- 

35- 

6.   . 

150 

170 

1.35 

7.20 

.0348 

.0128 

.0476 

1.98 

.0160 

.0040 

- 

1  . 

36- 

«.   . 

160 

180 

- 

- 

- 

- 

- 

- 

- 

- 

40' 

35' 

T.   . 

160 

184 

1.10 

7.60 

.1006 

.0140 

.1146 

2.04 

.0030 

Present. 

- 

43* 

35* 

8,   . 

150 

161 

2.00 

9.10 

.1270 

.0090 

.1360 

2.90 

.0000 

Preaent. 

- 

36' 

- 

»,   . 

160 

162 

- 

- 

- 

- 

- 

- 

- 

- 

- 

89- 

35* 

10.   . 

150 

123 

2.20 

11.90 

.1560 

.0120 

.1670 

4.13 

.0080 

.0000 

- 

43- 

- 

11,   . 

160 

120 

- 

• 

- 

- 

- 

- 

- 

- 

- 

40- 

35* 

12,   . 

160 

127 

8.10 

11.60 

.1460 

.0160 

.1600 

3.64 

.0020 

.0000 

- 

45* 

- 

13,   . 

150 

127 

- 

- 

- 

- 

- 

- 

- 

- 

- 

42- 

- 

14.   . 

150 

133 

1.40 

9.00 

.2250 

.0190 

.2440 

2.59 

.0000 

.0000 

- 

44* 

35" 

16.   . 

150 

137 

.90 

9.00 

.2420 

.0250 

.2670 

2.44 

.0000 

.0000 

- 

44* 

36* 

16.   . 

160 

87 

- 

- 

- 

- 

- 

- 

- 

- 

- 

43' 

35" 

IT,   . 

- 

80 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

18,   . 

160 

88 

- 

- 

- 

- 

- 

- 

- 

- 

- 

68* 

- 

w.  . 

150 

42 

1.70 

9.30 

.1800 

.0400 

.2200 

2.72 

.0000 

.0000 

- 

65- 

- 

20,   . 

150 

61 

- 

- 

- 

- 

- 

- 

- 

- 

- 

44-  j  Vf 

21.   . 

150 

80 

2.20 

10.90 

.2000 

.0400 

.2400 

3.62 

.0000 

Present. 

• 

47- 

37 

22.   . 

150 

121 

- 

- 

- 

- 

- 

- 

- 

- 

5r 

se- 

28.   . 

150 

160 

- 

- 

- 

- 

- 

- 

- 

- 

- 

60- 

36* 

24.   . 

150 

180 

- 

- 

- 

- 

- 

- 

- 

- 

- 

4r 

- 

25.   . 

150 

166 

- 

- 

- 

- 

- 

- 

- 

- 

- 

4«" 

35* 

26.   . 

150 

175 

1.20 

8.90 

.3930 

.0090 

.4020 

2.26 

.0050 

Present, 

12h.+ 

48* 

S6* 

27.   . 

150 

170 

1.40 

8.40 

.3400 

.0300 

.8700 

2.08 

.0000 

Present 

- 

46* 

35" 

28,   ., 

150 

122 

.80 

9.00 

.2700 

.0400 

.3100 

2.16 

.0020 

.0000 

- 

4r 

35* 

20.   .. 

150 

137 

- 

- 

- 

- 

- 

- 

- 

- 

- 

sr 

35* 

February  15.  — Water  all  removed  from  holea  through  frost  before  applying  sewage.  February  W- 
—Trench  1>^  feet  wide  cut  through  ice,  1>^  feet  from  edge  of  tank,  and  coarse  sand  put  in  last  month 
removed  to  a  depth  of  2  inches.  Later  in  the  day  all  ice  removed  from  surface.  Febroaiy  19.— Ice 
and  water  removed.    February  20. — Four  inches  of  ice  and  water  removed. 

Total  effluent  to  end  of  month,  6,1M  gallons. 
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Fitter  Tank  No.  7— Continued. 


■«r«li 

.  1888. 

1 

il 

|3 

1% 

RK8IDUB  Oir 

Evaporation. 

AlOfOXIA. 

j 

NITROOKH  AS 

|§ 

Tbmfkr- 

ATCRK. 

Date. 

1^ 

1 

1 

i| 

1 

1 

^ 

1 

1 

1.        . 

150 

m 

« 

» 

.. 

_ 

_. 

. 

_ 

« 

« 

68* 

56' 

%        . 

150 

IM 

1.20 

7.60 

.2900 

.0130 

.3030 

2.16 

.0070 

.0001 

- 

54* 

- 

s,      . 

150 

1« 

- 

- 

- 

- 

- 

- 

- 

. 

64- 

86' 

4.        . 

190 

131 

- 

- 

- 

- 

- 

- 

- 

- 

- 

4r 

35' 

6.        . 

150 

134 

2.00 

8.70 

.2400 

.0230 

.2630 

2.22 

.0050 

.0002 

- 

62* 

35* 

«, 

160 

122 

- 

- 

- 

- 

- 

- 

- 

- 

- 

SO- 

36* 

T.        . 

150 

172 

1.20 

8.80 

.2800 

.0230 

.2830 

2.32 

.0050 

.0002 

- 

SO* 

35- 

8, 

160 

161 

- 

- 

- 

- 

- 

- 

- 

- 

63* 

- 

».        . 

150 

157 

1.90 

8.00 

.1680 

.0130 

.1810 

2.32 

.0090 

.0018 

- 

56' 

35* 

10,        . 

150 

178 

- 

- 

- 

- 

- 

- 

- 

- 

- 

68* 

36* 

11.        . 

150 

175 

- 

- 

- 

_ 

- 

- 

*- 

- 

- 

50* 

ztr 

12.         . 

150 

las 

1.40 

9.10 

.2000 

.0130 

.2130 

2.20 

.0070 

.0012 

- 

5S- 

35* 

13.         . 

150 

160 

- 

- 

- 

- 

- 

- 

- 

- 

62* 

- 

14.         . 

150 

176 

1.40 

9.50 

.2080 

.0110 

.2190 

2.20 

.0080 

.0004 

- 

55* 

36* 

15.        . 

150 

167 

. 

- 

- 

- 

- 

- 

- 

- 

- 

52* 

- 

1«,         . 

150 

160 

2.80 

7.10 

.1880 

.0090 

.1970 

2.10 

.0080 

.0002 

- 

63- 

35* 

17.        . 

150 

152 

- 

- 

- 

- 

- 

- 

- 

55* 

85* 

w.      . 

150 

133 

- 

- 

- 

. 

- 

.    - 

- 

« 

- 

51- 

35* 

w.      . 

150 

142 

1.90 

8.50 

.2200 

.0200 

.2400 

2.30 

.0090 

.0002 

- 

48* 

36* 

20,        . 

150 

160 

- 

- 

- 

- 

- 

- 

- 

- 

- 

64' 

85' 

21,        . 

150 

277 

2.10 

8.20 

.2000 

.0040 

.2040 

2.24 

.0070 

Present 

- 

53- 

34- 

22. 

150 

190 

- 

- 

- 

- 

- 

- 

- 

2h. 

54' 

36- 

28,        . 

500 

475 

1.80 

7.60 

.1600 

.0040 

.1640 

2.16 

.0020 

.0000 

6h. 

71' 

34* 

24. 

500 

448 

- 

- 

- 

- 

- 

- 

- 

- 

6h.67m. 

60* 

34* 

26.        . 

500 

496 

- 

- 

- 

- 

- 

- 

- 

- 

- 

60' 

36» 

26.        . 

600 

520 

2.20 

8.50 

.2120 

.0140 

.2260 

2.66 

.0020 

.0003 

6h.l8m. 

65* 

36* 

27,        . 

500 

613 

- 

- 

- 

- 

- 

- 

- 

- 

7h.36m. 

60* 

35- 

28,        . 

500 

5S2 

2.10 

8.80 

.2300 

.0150 

.2450 

2.50 

.0010 

.0001 

8h.33m. 

63* 

35- 

2»,        . 

600 

516 

- 

- 

- 

- 

- 

- 

- 

- 

8h.l5m. 

60* 

36* 

80.        . 

600 

487 

1.40 

0.20 

.2400 

.0140 

.2540 

3.82 

.0030 

.0003 

5h. 

62- 

86' 

81,       . 

500 

263 

- 

- 

- 

- 

- 

- 

- 

- 

- 

80* 

- 

Sfflaent  eolorlMB,  clear  or  nearly  bo,  and  with  very  little  or  no  sediment. 

March  14.  ->  Snow  all  removed  from  surface.    March  31.  —  Outlet  closed  at  11.17  a.m.    River  high. 

Total  effluent  to  end  of  month,  14,109  gallons. 
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Filler  Tank  No.  7  —  Continued. 

Avvll,  IMS. 


-1 

P 

t 

RK8IDDB  OK 
EVAPORATIOK. 

AXKOMIA. 

^ 

NlTBOOBir  A8 

j 

00 

Tucm* 

▲TCBK. 

DATS. 

1^ 

1 

1 

il 

1 

i 

t 

^ 

1 

i 

1 

1, 

600 

676 

1.80 

8.70 

.2400 

.0240 

.2640 

2.88 

.0060 

.0001 

. 

68* 

3r 

2,         . 

500 

644 

.80 

9.70 

.2620 

.0190 

.2710 

2.32 

.0030 

.0002 

- 

64* 

88* 

8,         . 

600 

448 

- 

- 

- 

- 

- 

- 

- 

- 

- 

69- 

40" 

4.         . 

160 

181 

1.50 

10.20 

.1600 

.0260 

.1860 

2.64 

.0080 

.0001 

Ih.SOm. 

40" 

40- 

6,         . 

160 

161 

- 

- 

- 

- 

- 

- 

- 

- 

- 

48* 

4or 

8.         . 

160 

220 

- 

- 

- 

- 

- 

- 

- 

- 

3h.38m. 

46* 

4r 

- 

- 

- 

- 

- 

- 

. 

j 

- 

- 

- 

- 

- 

». 

- 

- 

- 

- 

- 

- 

- 

1 

- 

-■ 

- 

- 

- 

10, 

160 

146 

- 

- 

- 

- 

- 

- 

- 

- 

Ih.lm. 

40*     41- 

11, 

160 

204 

1.80 

9.80 

.2200 

.0110 

.2310 

2.00 

.0200 

.0004 

2h.22in. 

42" 

41- 

12. 

160 

87 

- 

- 

- 

- 

- 

- 

- 

- 

- 

4r 

42" 

18.         . 

160 

132 

.00 

10.20 

.1720 

.0060 

.1780 

2.56 

.0180 

.0008 

2h. 

46* 

41- 

M,         . 

160 

133 

- 

- 

- 

- 

- 

- 

- 

- 

. 

4r 

41* 

16,         . 

150 

131 

- 

- 

- 

- 

" 

- 

- 

- 

- 

45- 

41- 

18,         . 

160 

115 

i.ao 

10.00 

.1730 

.0160 

.1880 

2.62 

.0100 

Preaent 

2h.l4m. 

41* 

41- 

17,         . 

160 

111 

- 

- 

- 

- 

- 

- 

- 

- 

2h.l7m. 

43' 

42* 

18,         . 

160 

129 

1.80 

9.70 

.1840 

.0110 

.1060 

2.83 

.0180 

.0004 

- 

46* 

41- 

», 

150 

128 

- 

- 

- 

- 

- 

- 

- 

- 

lh.60m. 

42* 

4ar 

20,         . 

150 

132 

1.30 

10.10 

.2000 

.0110 

.2110 

2.66 

.0200 

.0006  j 

2h.lm. 

43" 

41* 

21,         . 

300 

278 

- 

- 

- 

- 

- 

- 

- 

- 

AST 

41* 

M.         . 

- 

89 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

28,         . 

160 

68 

2.90 

9.30 

.2000 

.0110 

.2110 

8.24 

.0260 

.0005 

- 

48* 

43* 

24,         . 

160 

121 

- 

- 

- 

- 

- 

- 

- 

- 

- 

44' 

4r 

26, 

150 

121 

1.70 

11.50 

.2680 

.0060 

.2740 

3.69 

.0200 

.0003 

- 

AT 

43* 

26.         . 

160 

131 

- 

- 

- 

- 

~ 

- 

- 

- 

- 

45- 

4r 

2T,         . 

160 

181 

8.00 

11.00 

.2320 

.0160 

.2480 

8.83 

.0800 

.0004 

- 

43- 

4r 

28,         . 

800 

267 

- 

- 

- 

- 

- 

- 

- 

- 

- 

46- 

48* 

28.         . 

- 

49 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Efflnent  colorleaa  and  generally  nearly  clear,  and  with  from  no  sediment  to  considerable. 

April  16  and  18. — A  few  organisms  visible  to  naked  eye  In  samples.  April  l.^Ontlet  opened  at 
11.9  A.M.  April  8,  7.58  a.m.  to  1.86  p.m.,  and  from  6.28  p.x.  to  April  4,  5.86  a.x.  —  Outlet  closed.  April 
7,  6.21  A.M.,  to  April  10,  8.12  A.X.— Outlet  closed.  River  high  In  aU  oasM.  AprU  29,  6J0  r jl 
—  Outlet  closed.    River  high. 

Total  effluent  to  end  of  month,  19,190  gallona. 
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1. 

it 

as 

Rksidub  on 
Etatosatioh. 

AjtMOKIA. 

j 

KiTBOOKH  AS 

Tkmpkk- 

ATUKB. 

DATS. 

i 

1 

1 

i 

eo 

S 

1 

1 

1 

1,. 
2.. 

a,. 

4..        . 

«,. 

T,. 
8.. 
»,. 

11,. 

12,. 
13.. 
14.. 
16.. 
M.. 
IT,. 
18,. 
19.. 
».. 
21,. 
22,. 
28,. 
24.. 
25,. 
28.. 
27,. 
28.. 
29,. 
80.. 
81.. 

150 
900 

160 
ISO 
160 
160 
160 

aoo 

160 
160 
300 

150 
160 
150 
160 
160 

aoo 

160 
160 
160 
160 

100 
236 
78 
89 
118 
100 
182 
185 
148 

536 

88 

212 

90 

61 

9fl 

102 

108 

112 

196 

78 

81 

168 

140 

116 

2.90 
2.40 
3.80 

2.60 

4.40 
3.40 

8.80 
8.40 

13.60 
12.60 
11.80 

10.00 

11.10 
16.10 

13.00 
16.90 

.1800 
.1800 
.2400 

.2600 

.2120 
.2240 

.2000 
.2000 

.0060 
.0120 
.0070 

.0140 

.0080 
.0070 

.0080 
.0090 

.1860 
.1920 
.2470 

.2700 

.2200 
.2310 

.2080 
.2090 

2.96 
3.68 
3.46 

3.20 

2.88 
2.92 

8.18 
8.88 

.0800 
.0460 
.0400 

.0900 

.2000 
.3600 

.8000 
.8000 

.0022 
.0007 
.0009 

.0010 

.0064 
.0048 

.0088 
.0067 

48' 
45* 

60* 
48* 

50' 
61* 
61' 
50- 

49* 
60" 
50- 

52* 
52- 
53* 
64* 
55' 
57- 

56- 
56* 
57- 

48* 
48- 

48- 

46" 
47' 
AT 
48* 

49* 
61* 
49* 

52* 
60* 
61* 
52* 
52' 

5r 

52* 
54* 
64* 
64* 

Sfflaent  colorless,  generally  clear  and  with  very  little  sediment. 

May  17.— Organisms  in  sample  visible  to  naked  eye.    May  4.-7.44  a.x.    Ontlet  opened.    May  12. 
8.56P.X.,  to  May  17. 7.45  A.M.— Outlet  closed.    Rlverhigb.    May28.— Leak  in  measuring  basin  repaired. 
Total  efSnent  to  end  of  month,  22,682  gallons. 
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FiUer  Tank  No.  7  —  Continued. 


Aim, 

IMS. 

P 

9 
gg 

Rksidub  on 

EVATOBATION. 

AXMOKIA. 

1 

KiTBOOKV  AS 

1 
is 

It 

TxHpn- 

ATCU. 

Datb. 

i 

1 

1 

i^ 
-< 

1 

1 

1 

£          C 

1. 

2, 

3, 

4.         . 

6.         . 

6,  . 

7.  . 
«. 

». 

10,         . 
11. 

12.         . 
13, 

14.  . 

15,  . 

16,  . 

17.  . 
18, 

19, 
30, 

21.  . 

22.  . 
23, 

24, 

25,  . 

26,  . 

27,  . 

28,  . 
20, 

30.         • 

160 
800 

150 
160 
160 
160 
160 
300 

160 
160 
160 
160 
80 
86 

100 
100 
100 
100 
60 
100 

76 
80 

100 
00 
70 

107 

111 

111 

91 

88 

101 

91 

86 

138 

100 

72 

84 

91 

03 

08 

22 

2 

237 
63 
63 
14 

61 
84 
66 
48 

21 

12.10 

13.00 
10.10 
11.00 

7.60 
' 10.00 

1    7.20 
4.30 

17.70 

15.80 
15.70 
16.10 

23.80 
16.10 

22.20 
10.70 

.1760 

.2000 
.1880 
.2000 

.0920 
.1020 

.0860 
.0020 

.0150 

.0160 
.0110 
.0120 

.0080 
.0100 

.0140 
.0170 

.1010 

.2160 
.1000 
.2120 

.1000 
.2020 

.0600 
.1000 

4.32 

4.60 
4.67 
4.82 

6.18 
6.50 

6.17 
6.60 

1.3000 

1.6000 
1.1000 
1.0600 

.7200 
.5000 

.6800 
.2400 

! 

.0056 
.0070 
.0110 

.0048 
.0060 

.0070 
.0010 

24  h. 
24  h. 
24  h. 
24  h. 
24  h. 
24  h. 
24  h. 
24  h. 
24  h. 
24  h. 
24  h. 
24  h. 
24  h. 
24  h. 
24  h. 

24  h. 
24  h. 

60- 

!  **' 

«r 

64- 
65* 
66* 

68" 
66- 
66* 
66- 
66- 
W 

esr 

68- 
71" 
TO* 
70- 
74' 

Tl* 

Ti- 
es* 
er 

86* 

w 

nr 
w 
sr 

sr 

sr 
w 

•r 

Cl' 

•1* 

vr 
w 

•r 

cr 

6r 

Effluent  colorless,  from  clear  to  dlstioctly  torbid,  and  from  very  little  to  considerable  sediment. 
Jane  4.  — Organisms  visible  to  naked  eye  In  sample.    Jane  16, 11.0  a.m.,  U>  Jane  10, 11.0  a.m.— OoUci 
clos«d.    June22, 1.13  p.m.,  to  June  25, 0.25  A.x.  —  Outlet  closed.    Jane  20.-- Trap  pat  In  outlet  pipe. 
Total  effluent  to  end  of  month,  24,724  gallons. 
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*«ly. 

18M. 

^1 

H 

EVAPOKATIOK. 

▲MXOinA 

1 

VrrmoQMSAM 

^ 

? 

Tbmpko- 

ATURB. 

Datb. 

ii 

1 

1 

< 

1 

i 
i 

£ 

1 

1 

1,         . 

2, 

».         . 

4, 

5.         . 

«. 

T,        . 

10,         . 

n. 

12.         . 

18,     . 

14.  » 

16.  . 
M.        . 

17.  . 

15.  . 

w.      . 

»,        . 

M, 

22.        . 

28.        . 

24. 

25.        . 

28.        . 

27.  . 

28.  . 
2».        . 
».        . 
81.        . 

100 

100 

100 
100 
100 

100 
100 
100 
200 

100 
100 

21 
20 
20 
80 
23 
23 
20 
18 
22 
19 
15 
21 
20 
10 

»l 

10 
17 
19 
17 
14 
20 
19 
44 
20 
80 
67 
70 
205 
76 
41 
65 

4.70 
8.80 

2.90 
8.30 

8.00 
6.80 

6.70 
4.80 

6.10 

22.70 
24.00 

24.90 
25.70 

26.60 
27.80 

24.80 
28.00 

18.80 

.0760 
.1120 

.1400 
.1820 

.1600 
.1920 

.1600 
.1920 

.8680 

.0200 
^0360 

.0300 
.0210 

.0610 
.0200 

.0190 
.0270 

•0420 

.0060 
.1470 

.1790 
.1580 

.1910 
.2120 

.1790 
.2190 

.4100 

5.70 
6.76 

6.50 
5.68 

6.81 
5.68 

6.25 
6.58 

6.40 

.0740 
.0150 

.0100 
.0100 

.0050 
.0050 

.0070 
.0030 

.0200 

.0006 
.0004 

.0006 
.0001 

.0000 
.0000 

.0000 
•0000 

.0003 

24  b. 
24  h. 
2411. 
24  b. 
24  h. 
24  h. 
2411. 
24  h. 
24  h. 
24  h. 
24  b. 
24  b. 
24  b. 
24  b. 
24  b. 
24  b. 
24  h. 
24  b. 
24  b. 

58  m. 
62  m. 

66* 
66* 

70* 
69* 
71- 

72- 
74- 
72* 
72- 

71* 

72* 

ar 
6r 
or 
ar 

69- 

7r 

68- 
69- 
IV 
68' 

or 

76» 

W 
69- 
68» 

6r 

71* 

71- 

69- 
71* 
70* 
70* 
68' 

6r 

70» 
70' 

Bffltient  colorleM  bat  generally  decidedly  turbid,  and  with  ^ery  much  brown,  flocculent  sediment. 

July  2.  — Iron  in  sample.  Jaly  16. — Hydrogen  sulphide  odor  in  sample  upon  adding  acid.  July 
20.— Two  hundred  and  forty  gallons  siphoned  from  surface.  July  25. — One-half  inch  of  material 
reaoved  trom  surface.  Jnly  28.— Trap  taken  from  outlet  pipe.  Effluent  had  an  offensive  odor  and 
gnaty  appearance. 

Total  efllaent  to  end  of  month,  26,866  gallons. 
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FILTRATION  OF  SEWAGE. 

FUter  Tank  No,  7—  Continued. 


DATS. 


1. 

s. 

»» 

e. 

T. 

8. 

10, 
11. 
12. 
18, 
U. 
18. 

ie» 

IT. 
18, 
18. 

ao, 
«. 

M. 
23, 
24, 
28. 
28, 
27, 
28, 
28, 
80, 
81. 


U 


100 
100 
100 
300 


100 
100 
100 
100 
100 

aoo 


100 
100 
100 
100 
100 
200 

100 
100 
100 
100 
100 
200 

100 
100 
100 
100 
100 


it 


101 
75 

m 

173 

76 

02 

100 

101 

89 

8S 

140 

72 

00 

250 

110 

91 

110 

152 

109 

64 

72 

187 

112 

85 

83 

91 

61 

48 

55 

76 

79 


KiMIDDIC  ON 
EVAPOKATION. 


F 


8.90 


6.80 


8.60 


8.70 


6.00 


6.80 


4.80 


4.00 


5.80 


19.00 


17.70 


19.20 


23.60 


19.10 


17*80 


18*30 


16-10 


Ajcmovia. 


.4000 


.8200 


.2700 


.2000 


•1400 


.1520 


.1400 


.1160 


.5 


.0390 


.0310 


.0830 


.0280 


.0120 


.0240 


.0160 


.0240 


.0110 


.4890 


.3910 


.3530 


.2980 


.1640 


.1680 


.1640 


.1270 


6.80 


6.55 


6.02 


5.60 


5.31 


5.17 


5.00 


4.68 


NiTSOOBSr  MA 


.2900 


.7800 


1.1000 


1.1000 


.7000 


.7000 


.0004 


•0070 


.0180 


.0240 


.0100 


•0120 


•0070 


.0140 


II 


lh.46in. 

lh.50m. 

I 

lh.29m. 


12h.+ 
7b.27in. 


5h.7m. 
12b.+ 
32  h. 


4b.6m. 
3h.4Sm. 
24  h. 
24  b. 
24  b. 
24  b. 
24  b. 
24  b. 
24  b. 
24  b. 
24  h. 
24  b. 


72' 

9r 

78* 

70* 

73- 

TV 

73" 

n- 

7r  70' 

72"  »• 

IT  71* 

72"  TT 

I 

73*  er 


70*  er 

69' .  er 

89*  I  er 

69'  IT 

IV  eB' 

70*  eB" 


I 


flV 

ar 
n* 

71' 

TO* 
63* 


Color  of  effluent  from  0  to  0.35,  from  dietinct  to  no  tarbldlty,  and  from  mncb  brown,  flocealeat 
■edlment,  to  none. 

After  Angnet  1.  —  Reeldne  on  evmporation  obtatned  witb  sodium  carbonate.  August  6.  —  A  very  littk 
Iron  In  sample.  August  14.  —  Sixty -two  gallons  siphoned  trom  surfaoe.  August  22. — Fifty-fire  gallooi* 
Some  left. 

Total  effluent  to  end  of  montb,  28,959  gallons. 
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I' 

9    . 

i§ 

Kbsidub  on 
evafoeatior. 

▲MXOinA. 

S 
1 

NiTBOOBV  AS 

ll 

Tbmpeb- 

ATUBB. 

Datb. 

t 

i 

1 

1^ 

< 

1 

s 

9i 

1 

i 

1.     . 

2.         . 

5,        . 

«. 

T.        . 

8. 

».        . 

10,  . 

11,  . 

12,  . 
IS,         . 

14,  . 

15,  . 
1«, 

17.         . 

1». 

M. 

JO,        . 

21. 

22.         . 

28,         . 

2*.         . 

2^ 

20,        . 

27,        . 

28. 

20,        . 

00.        . 

200 

100 
100 

150 

75 
75 
75 
75 
75 
150 

ISO 

160 

160 

150 
150 
ISO 

00 
02 
6S 
68 
72 
78 
48 

184 

146 
61 
51 

111 
89 
63 
81 
73 
43 

106 
91 
71 
73 

105 
64 
68 
66 
80 
94 
68 
71 
31 

2.20 
2.90 

3.70 

1 

4.60 

4.10 
6.80 

1      • 
3.00 

5.40 

18.10 
18.70 

23.40 
24.10 

30.20 
80.60 

82.20 
27.60 

.1280 
.1200 

.1200 
.0640 

.1120 
.0060 

.0640 
.0600 

.0200 
.0270 

.0190 
.0160 

.0220 
.0140 

.0100 
.0100 

.1480 
.1470 

.1300 
.1000 

.1840 
.1100 

.0940 
.0700 

5.25 
6.93 

10.36 
11.36 

11.95 
12.60 

12.00 
11.25 

.4600 
.3400 

.2200 
.2400 

.4700 
.8000 

.8600 
.6500 

.0240 
.0250 

.0900 
.0860 

.0160 
.0300 

.0360 
.0400 

Mb. 
24  b. 
24  b. 
24  b. 
24  b. 
38h46m. 

12b.-f 

lb.30m. 

2  b. 

12h.-f 

4b.69m. 

5h.45m. 

38h.16m. 

86b.-f 

27b.46m. 
7h. 

36b.-f- 

71* 

70* 
71* 

66* 

er 

66* 
68" 

eo* 

64* 
61' 

65' 

64- 

63- 

59* 
58* 
6i* 

69- 

70* 
68- 
70" 
60* 

6r 

68* 

69- 
68- 
66* 
68* 
68* 
68* 

68* 
66- 
65- 
66- 
64- 
66* 

64- 
64- 
62* 
64* 
62" 
61- 

BfflaeDt  oolorleM,  neftrly  dear  and  generally  free  from  sediment. 

September  17,  20  and  24.  —  Iron  in  samples.  September  8.  —  First  seventy-flve  gallons  applied  disap- 
peared in  one  bour  and  fifty  .four  minutes.  September  18.  —  One  bundred  and  fifty  gallons  sipboned 
from  snrface.  September  22.  — Two  bundred  and  twenty-sU  gallons.  September  26.  — Two  bundred 
and  sixty  gallons.  Some  left.  September  21.  ~  Considerable  water  on  surface  before  tbe  regular 
application. 

Total  efilueDt  to  end  of  montfa,  31,278  gallons. 
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FILTRATION  OF  SEWAGE. 


Filler  Tank  No.  7  — Continued. 

Oetokmr,  ISM. 


m   . 

P 

u 

S  V 

Rbsidub  or 

EVAPOBATIOM. 

AVMOHXA. 

1 

KlTBOaBH  A8 

Sewage  remained 
on  SurAco. 

TCMPKR- 

ATIRK. 

Datb. 

ji 

1 

1 

< 

i 

s 

i 

i 

il 

s 
1 

1,        . 

2, 

8, 

4.         . 

6, 

fl, 

7.         . 

8. 

10.  . 

11.  . 

12.  . 
13. 

14.         . 

15, 

16, 

17, 

18.         . 

19. 

20.         . 

21, 

22, 

23. 

24. 

26. 

26. 

27,  . 

28,  . 
29. 

80.         . 
81, 

160 
150 
160 

150 
150 
150 

150 
150 
ISO 

150^ 

150 

150 

150 
160 

43 
97 
97 

104 
71 
86 
44 

100 

110 
71 
06 
60 
58 
40 
51 
51 
50 
68 
57 
69 
66 
82 
81 
45 

118 
89 

103 
66 
60 
49 
45 

4.80 
2.60 

2.10 
2.40 

1.50 
2.20 

1.60 
1.90 

1.00 

25.80 
25.50 

30.10 
28.40 

22.70 
21.70 

20.30 
20.40 

19.60 

.0080 
.0118 

.0160 
.0040 

.0012 
.0008 

.0016 
.0016 

.0008 

.0098 
.0086 

.0090 
.0094 

.0090 
.0070 

.0078 
.0082 

.0070 

.6178 
.0204 

.0250 
.0184 

.0102 
.0078 

.0094 
.0098 

.0078 

9.95 
9.35 

10.10 
T.05 

6.20 
5.65 

5.47 
6.48 

5.99 

.7700 
1.0000 

1.0000 
1.0600 

.11500 
.8600 

.7000 
.6700 

.5600 

.0200 
.0175 

0100 
.0080 

.0030 
.0010 

.0010 
.0014 

.0001 

2h.80m. 
24  h. 
12h.-|- 

_ 
36h-f- 

4&h.44m. 

24  h. 
24  h. 

S6h.-h 

12h.-t- 

29li.49m. 

24  h. 
24  h. 
d6h.86m. 

53- 

5r 

- 

:  5r 

51* 

50" 

.  49* 

48" 

47' 

49' 
48- 

61* 

w 

«• 
«• 

w 

S5* 

sr 

sr 

EflSuent  colorless,  and  generally  clear  and  free  from  sediment. 

October  18.  — Lfanganese  in  sample.  October  8.  —  Forty -five  gallons  siphoned  f  rom  sarfaee.  OeU>- 
berl8.  —  Two  hundred  and  twenty -five  gallons.  Some  left  each  day.  October  25.  — Twenty  gallooi 
siphoned  off.  October  15  and  24.  — Water  on  surface  before  regular  application.  October  89.  -  Rain- 
water on  surface  disappeared  at  7.15  a.m. 

Total  effluent  to  end  of  month,  33,469  gallons.  ^<-^  t 
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Filter  Tank  No.  7—  Continued. 

ir*T«aik«r.  I8SS. 


^1 

ll 

Cf 

ll 

ll 

Rksidub  ox 

EVAFORATION. 

AMMOiriA. 

j 

UlTBOOBM  AS 

l§ 

Tbmpbb- 

ATL'KB. 

Datb. 

§1 

1 

1 

< 

1 

S 

s 

i 

1 

1 

1.  . 

2,  . 

3,  . 

4.  . 

6,       . 
8.       . 
T,       . 
8.       . 
»,       . 

10.  . 

11.  . 

12.  . 
18.       . 

w,     . 
w.     . 

18,       . 

17.  . 

18,  . 

w.     . 

20,      . 
21>       . 

22.  . 

23.  . 

24.  . 
26,      . 
28,       . 
2T.      . 
28,      . 
28.      . 
80.      . 

-: 

100 
100 
100 

100 
100 
100 

100 
100 
100 

100 
100 
100 

S8 
60 
60 
87 
81 
34 
81 
47 
48 

108 
71 
82 
65 
64 
82 

106 
93 
42 
87 
81 
49 
42 
82 

48 

• 
80 

27 

47 

27 

131 

2.40 

.90 
1.20 

.80 
1.60 

1.70 
.90 

.80 

2.60 

17.60 

19.80 
19.80 

19.40 
19.80 

20.20 
18.10 

18.40 

17.80 

.0014 

.0014 
.0008 

.0004 
.0006 

.0016 
.0008 

.0010 

.0018 

.0004 

.0080 
.0074 

.0074 
.0080 

.0080 
.0068 

.0078 

.0086 

.0108 

.0094 
.0082 

.0078 
.0086 

.0096 
.0076 

.0088 

.0102 

5.40 

5.89 
1  5.21 

5.14 
6.07 

4.70 
4.60 

4.47 

6.00 

.5300 

.7000 
•  6600 

.7800 
.7000 

.6800 
.7000 

.6500 

.7000 

.0000 

.0000 
.0000 

.0000 
.0000 

.0000 
.0000 

.0001 

.0008 

6b.6m. 
72h.80m. 

5b.86m. 
12h.+ 

12h.+ 

12h.+ 
3b.40m. 

49* 
61' 
61- 

48' 
46* 
46* 

43* 
48- 
46' 

45* 
45' 
38* 

55- 
66- 

53* 
54* 

53* 
54. 

66* 
63- 

63* 
52- 
63* 
52* 
51* 
50* 

50" 
49* 
49- 
48* 

4r 

48- 

48* 
48* 
48* 

45* 

Efflaent  colorleM,  generally  clear  and  free  from  Mdiment,  or  nearly  ao. 

November  IS.—One-foarth  Inch  of  loe  on  surface.  November  22  to  24.  — Thin  ice  in  spots.  Novem- 
ber 22.— Canvas  cover  pat  over  Unk.  November 28. 8.52  P.M..  to  November80. 2.36  pm.  —Outlet  closed. 
Klver  high. 

Total  efflaent  to  and  of  month,  85.049  gallons. 
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FiUer  Tank  No.  7— Continued. 

SeeeMAmr,  IMS. 


1 

p 

V 

!  Rbsiduboh 
Evaporation. 

AmcoKiA. 

1 

NlTBOOBH  AB 

•  s 

ATCII. 

Date. 

1^ 

1 

1 

< 

1 

j 

S 

i 
1 

1 

1,  . 

2.  . 
8, 

4,        . 

7,        . 

8, 

». 
10, 

11,         . 
12, 
13. 

14,         . 
15, 

16.  . 

17.  . 

18.  . 

w,      . 

20.         . 

21, 

22, 

28, 

24.         . 

26. 

2«.         . 

27.  . 

28.  . 

29,  . 

30,  . 
81,         . 

100 
100 
100 

100 
100 
100 

100 

100 

100 
100 
100 

100 

62 
88 
82 
88 
40 
46 
41 
62 
86 
26 
89 
46 
66 
41 
84 
25 
24 
20 

102 
26 
20 
20 
22 
38 
68 
61 
73 
85 
29 

1.00 
.60 

1.00 
1.00 

.40 

1.00 
.80 

18.00 
17.60 

18.80 
18.10 

19.10 

17.00 
17.90 

.0016 
.0010 

.0054 
.0008 

.0018 

.0012 
.0018 

.0066 
.0052 

.0024 
.0052 

.0056 

.0058 
.0046 

.0062 
.0062 

.0078 
.0060 

.0074 

.0070 
.0064 

4.11 
4.21 

4.17 
4.10 

4.10 

4.12 
4.10 

.7700 
.7000 

.8000 

.8000 

.7000 

.7000 
.7000 

.0000 
.0000 

.0000 
.0000 

.0000 

.0000 
.0002 

2h.2m. 
2h.l8m. 
2h.l5m. 

2h.30m. 

2h.3em. 

• 
4]i.65m. 

8h.33m. 
Sh.SOm. 

45* 

!  44" 

i    - 
45- 

44- 

46* 

44* 

1    . 

45* 
46* 

46- 

44* 

t 

44' 

1 

1 

U 

4r 
4r 
4r 

44* 

44* 

4r 

AT 

«. 

sr 
4r 

44- 
41' 

SS* 

48* 

iT 
40* 
41* 
41* 

43' 

Effluent  colorless,  clear  or  nearly  so,  and  free  from  sediment. 

December  31.  ~  Manganese  In  sample.  December  15.  ~  Thin  loe  In  spoto  on  sarface.  DeeenberlS. 
—  Flve-elghths  of  an  inch  of  frost  in  unk.  December  21.  ~ Two  inchea.  December  18,  5  PJl>i  to 
December  21,  7.60  a.m.  —  Outlet  closed.    River  high. 

Total  effluent  to  end  of  month.  36.208  gallons. 
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Filter  Tank  No.  7— Continued. 

ttutmmrr,  I88». 


1 

p 

1 

Rbsiocb  on 
Evaporation. 

AXXOHIA. 

1 

MlTSOOBM  A8 

1^ 

Tbicpbb- 

ATOBB. 

Date. 

i 

1 

1 

i 

1 

5i 

1 

1 

1 

1. 
2. 
8, 
4. 

T.         . 

8.         . 

10,         . 

11. 

12, 

18,         . 

M.         - 

15.         - 

18,         . 

17,  . 

18,  . 
M,         . 

ao. 

21. 

22, 

23.         . 

24, 

26, 

2«, 

27,  . 

28,  . 
29, 

30,         . 
31, 

100 
100 

100 
100 
100 

100 
100 
100 

100 
100 
100 

100 
100 

41 
80 
68 
46 
63 
88 
48 
67 
48 
03 
46 
00 
80 
25 
26 
86 
46 
68 
71 
88 
28 
25 
88 
64 
45 
60 
84 
25 
40 
86 
44 

.90 

.60 

.80 

1      - 
I      - 

.00 
.40 

1.10 
.20 

.20 
1.00 

17.70 

16.80 
17.20 

16.80 
16.70 

16.10 
16.50 

16.00 
14.80 

.0002 

.0010 
.0006 

.0022 
.0014 

.0012 
.0010 

.0010 
.0012 

.0040 

.0064 
.0064 

.0066 
.0068 

.0040 
.0038 

.0028 
.0044 

.0042 

.0074 
.0060 

.0078 
.0082 

.0052 
.0048 

.0088 
.0066 

4.08 

4.01 
4.10 

4.02 
4.06 

4.05 
4.40 

4.17 
4.10 

.6000 

.7700 
.6200 

.7800 
.6200 

.6600 
.6500 

.6500 
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.0000 
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lb.62m 
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41* 
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41* 
40* 
41* 
40* 

41* 
41* 
40* 
40* 

Efflaent  colorleM,  clear  or  nearly  so,  and  wltb  very  little  or  no  sediment. 

January  22.  ~  One  Ineb  of  frost  in  tank.    January  26.  —  One-balf  incb.    Janoary  29.  ^  A  little  f roat 
aronnd  edfres  of  tank.    January  30.  ~  Tbin  ice  in  spots  on  surface. 
Total  efflnent  to  end  of  montb,  87,541  gallons. 
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Filter  Tank  No.  7—  Continued. 

FehvBsrjr,  IDS*. 
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18,  . 
M.         . 

20,  . 

21,  . 

22,  . 
28, 

24,         . 
26,         . 
28,         . 
27, 
28, 

100 

100 
100 
100 

100 
100 
100 

100 
100 
100 

100 
100 

89 
68 
34 
26 
29 
63 
T3 
41 
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20 
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60 
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46 
83 
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.0058 

.0052 
.0048 

.0064 
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sr 
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3r 
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3r 
sr 

ST 

w 

38- 

sr 

4^ 
40* 

Effluent  colorless,  generally  clear  and  with  very  slight  sediment. 

February  2  and  5.  — One  Inch  of  frost  In  tonk.  February  7.~  Two  and  one-half  inches.  Febmatr 
0.  —  Three  inches.  February  14.  — Three  and  one-quarter  inches.  February  20. — Three  and  one-h»]f 
inches.  February  25.  —  Four  and  one.half  inches.  Surface  of  tank  generally  more  or  less  covered  with 
thin  ice  for  about  one-half  the  days  of  the  month. 

Total  effluent  to  end  of  mouth,  38,705  gallons. 
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Filter  Tank  No.  7  — Continued. 

MmtcIi.  18S*. 
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- 

- 

- 

- 
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26.         . 
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32 
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- 

- 

- 

- 

- 

- 
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42- 

43* 

28.        . 

- 

44 
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- 

40 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

42* 
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- 

85 
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- 

- 

- 

- 

- 

- 

- 

- 

Efflaent  colorleM.  generally  clear  and  wllh  very  slight  sediment. 

March  1  and  4.  — A  little  ice  In  spots  on  surface.  March  4.  — No  frost  In  some  parts  of  surface. 
Frost  In  other  parts  at  a  depth  of  from  1  inch  to  3  Inches  to  from  4  inches  to  7  Inches.  March  8.  ~  No 
frost  in  tank.    March  13.  —  Canvas  cover  removed  from  tank. 

Total  afflaaDt  to  end  of  month.  40,118  gallons. 
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Filter  Tank  No.  7— Continued. 

AvrU,  ISS*. 
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29 
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24 
90 
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.0014 
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.0060 
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2.96 
3.02 

3.23 
3.26 

8.22 
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_ 
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54  m.      1 
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43  m. 
48  m. 
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44' 
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46* 
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!  -jy 
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47 

4r 

45- 
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46* 
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47* 
4i' 
50- 
4S' 

49* 
50* 
51' 

Sir 
sr 
4r 

52- 

sr 

Efflaent  colorless,  clenr  or  nearly  so,  and  generally  with  a  very  slight 
ToUl  efQuent  to  end  of  month.  41.584  gallons. 


sediment. 
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FiUer  Tank  No.  7— Continued. 

Mmr,  ItM*. 
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48  m. 
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Bfflaent  eolorlen.  generally  clear  and  with  very  little  or  no  sediment. 

May  22.~Conaiderable  grass  and  weeds  on  sarfaoe,  principally  near  edge  of  tank. 

Total  efflaent  to  end  of  month,  48.075  gallons. 
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Filler  Tank  No.  7— Continaed. 
«■■•,  iss*. 
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16 
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Ih.lm. 
30  m. 
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9r 
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ae" 

Effluent  colorless  and  generally  clear,  and  with  very  little  or  no  sediment. 

June  16.  — Some  effluent  lost.  June  25.— Trench  2  feet  wide  and  3>^  feet  deep,  cut  1%  feet  from 
edge  of  tank  and  filled  to  a  depth  of  2  feet  with  gravel  too  coarse  to  go  through  a  sieve  with  X  iocb 
meshes.  6lz4nch  drain  pipe  laid  with  open  Joints  In  upper  part  of  this  gravel.  One  foot  of  yellow 
loam  put  upon  gravel,  and  5  inches  of  brown  soil  upon  loam.  Sewage  to  be  applied  through  a  4'liK:b 
pipe  connected  with  the  open  drain. 

Total  effluent  to  end  of  month,  44,072  gallons. 
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Filter  Tank  No.  7 — Continued. 
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4.87 

1.4000 

.8600 
.8000 

1.2000 
1.8000 

1.7000 

1.6000 
1.1000 

.0002 

.0000 
.0000 

.0001 
.0002 

.0000 

.0000 

.0002 

74* 
73* 
74* 
73* 
74* 
74- 

72- 
73- 
73- 
72* 
72" 
72- 

73* 
71- 
71* 
72" 
72- 
72- 

78" 

73- 
71- 
70* 
71* 
70- 

71* 
72- 
72* 

60* 

7r 

68* 

68* 
68* 

60* 
67* 

6r 

66» 
68* 

68^ 

66» 
66- 
66* 
60* 

6r 

66» 

67* 

60* 
70* 
60- 

tr 

IT 
60* 
60* 

Bfflaent  clear  and  colorleM,  and  generally  free  from  sediment. 
ToUl  effluent  to  end  of  month,  46.674  gallons. 
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FiUer  Tank  No.  7— Continued. 

,  1889. 


Date. 


1.1 

2>' 

S, . 

4,. 

i.. 

•». 

7.. 

»,. 

9,. 
10.. 
11,. 
12.. 
13,. 
1*,. 
15,. 

le,. 

17,. 
18.. 
W,. 
»,. 
21.. 
O,. 
23.. 
24.. 
26,. 
86,. 
27,. 
28,. 
20.. 

w,. 

81,. 


I 

1- 
1= 


60 
60 
50 

60 
60 
60 
60 

60 
60 

60 
60 
60 
60 
60 
60 

50 
60 
60 
60 
60 
60 

60 
60 
60 
60 
100 
100 


^1 

C 

as 


Rksiduic  on 
evapokatioh. 


125  I 
127 

77 

21 

49 

61 

61 

49 

63 

60 

17 

34 

48 

47 

44 

47 

56 

18 

41 

50 

40 

42 

60 

50 

16 

30 

60 

60 

46 

80 

OS 


§1 


2.80 


1.00 


1.00 


23.80 


21.60 


21.00 


Amxoxia. 


.0006 


.0002 


.0004 


.0004 


.0012 


s 

A 


.0052 


.0066 


.0076 


.0064 


.0070 


.0060 


.0068 


.0080 


.0068 


.0082 


3.86 


4.80 


4.12 


NITBOGOABJ     '7;'J2J- 


1.4000 


1.3000 


4.72 


1.7000 


1.30OO 


1.6100 


I 


!| 


.0000 


.0000 


7r  6r 

72-  60- 

71-  I  68- 

i 


.0000 


70-  _  er 

70-  V 

70'  V 

70-  '  ar 

70"  mr 


70- 

fsr 

70- 

1 

60- 

i  «y 

68" 

&r 

6:* 

6S* 

68* 

68* 

68* 

68" 

69' 

1  «• 

88* 

65' 

ao* 

«r 

70* 

er 

80' 

er 

60- 

•8* 

60- 

88* 

68* 

69* 

«r 

•• 

«r 

70- 

71* 

Effluent  cleftr  and  eolorlest,  and  generally  free  from  Mdlmeni. 
Total  effluent  to  end  of  month,  47,311  gallona. 
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FiUer  Tank  No.  7—  Continued. 


1>ATX. 


1.  . 
2.. 
3,. 

6.. 


«.. 
W,. 
11,. 
12.. 
13.. 
U,. 
15.. 
16.. 
17,. 
18,. 
19,. 
20,. 
21,. 
22,. 
23.. 
24,. 
25,. 
26.. 
27,. 
28.. 
29,. 
30.. 


U 


100 
100 
100 
100 
100 
100 

100 
100 
100 
100 
100 
100 

100 
100 
100 
100 
100 
100 

100 
100 
100 
100 
100 
100 

160 


18 
76 
01 

100 
94 
93 

100 
10 
76 
90 
96 
03 
88 
95 
19 
71 
91 
94 
96 
91 
99 
18 
82 
91 
98 

100 
89 
91 
15 

125 


RE9i)>r:B  ox 
EvAinjB^TJOsi. 


.80 


2.50 


i 

J 

K 


26.50 


28.50 


AH  MOM  A. 


.0002 


.0006 


.0002 


.0002 


-6 

J 
2B 


.0064 


.0060 


.0070 


.0098 


.0066 


.0096 


.0072 


.0100 


6.87 


5.97 


4.82 


StlTHOaKTf  AM 


1 


1.4000 


1.4000 


1.6000 


1.4000 


1.4000 


.0002 


.0000 


.0001 


ATUE*. 


6r 

68* 

6r 

67* 

vr 
vr 


tr 

67- 
67* 

6r 

67* 
67* 


er 

67* 
67* 
66* 
67' 
66- 


65* 
64* 
64* 
65' 
64* 
63* 

63* 


Efflnent  clear  and  colorless,  and  free  from  sediment. 
Toul  effluent  to  end  of  montli.  49.707  gallons. 
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FUter  Tank  No.  7  —  Continued. 

October,  1889. 


1. 
2. 
8. 
4, 
5, 
«, 
T, 

10. 
11, 
12, 
13, 
U. 

le, 

17, 
18, 
W. 
20, 
21, 
22, 
28. 
24, 
25, 
26, 
27, 
28. 
29, 
30, 
31. 


Datjb. 


5^ 


150 
160 
150 
ISO 
150 

150 
150 
150 
150 
150 
150 

150 
150 
150 
150 
150 
150 

150 
150 
150 
150 
150 
150 

150 
150 
150 
150 


za 

s  . 

I- 


136 
151 
141 
142 
135 

10 
127 
157 
157 
149 
152 
151 

32 
187 
157 
151 
149 
154 
151 

20 
133 
139 
151 
148 
149 
140 

21 
144 
187 
189 
161 


Bbsiddb  on 
evapobatiok, 


AlOCOSIA. 


.0020 


.0000 


.0008 


.0002 


r 


.0110 


.0102 


.0002 


.0142 


.0088 


.0130 


.0102 


.0154 


.0090 


4.82 


5.17 


4.62 


4.53 


8.86 


NiTBOOSN  JL8 


Teitpba- 

ATCEK. 


1.3400 


1.5400 


1.7500 


1.6000 


1.3400 


J 


.0008 


5»* 
50* 

6r 
vr 


63* 

ar 

97 


.0007 


.oooti 


.0000 


Effluent  clear  and  oolorlesa.  and  free  from  sediment. 

October  21.— Trap  pot  in  at  bottom  of  vertical  pipe  throogh  which  sewage  la  applied. 
GraM  cut  from  one-half  of  sarface. 

Total  efflaeot  to  end  of  month.  58,806  gallons. 
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Number  of  Bacteria  found  in  a  Cubic  Centimeter  of  Effluent  from 
Fitter  Tank  No.  7. 


Date. 

Nnmber 

of 
Bacteria. 

Date. 

Number 

of 
Bacteria. 

Date. 

Number 

of 
Bacteria. 

Date. 

Number 

of 
Bacteria. 

1888. 

1888 -Ck>n. 

1888 -Con. 

1889  — Con. 

Jan.       3,     . 

27 

March  21,     . 

11,491 

Aug.    21,     . 

23 

March   5,     . 

0 

5,      . 

27 

27,     . 

9,872 

Sept.   11,     . 

753 

12,     . 

0 

7,      . 

156 

29,     . 

68,564 

15.     . 

41 

19,     . 

6 

10,     . 

1,567? 

April     8,     . 

22,491 

20,     . 

6 

26.      . 

7 

U.     . 

95 

19,     . 

863 

25.     . 

28 

April     2,     . 

6 

14,     . 

63 

25,     . 

105 

29,     . 

22 

»,     . 

12 

17.     - 

1,4W 

28,      . 

116 

Oct.        2,     . 

98 

16,     . 

8 

M.      . 

25,670 

May       8,     . 

24 

6,     . 

80,     . 

4 

21.      . 

42,384 

10,     . 

43 

11,     . 

May      7,     . 

1 

24,      . 

5,100 

w,    . 

12 

16,     . 

12 

14,     . 

2 

26,      . 

1,435 

22,     . 

8 

20,      . 

21,     . 

16 

28,      . 

2,145 

26,      . 

18 

25,     . 

28,     . 

4 

31,      . 

3,450 

29,      . 

6 

30,     . 

June     4,     . 

2 

Feb.       2,      . 

18 

81.     . 

6 

Not.      8.     . 

11,     . 

26 

4,      . 

8,187 

Jane      6,     . 

6 

8.     . 

10 

18.     . 

6 

7.      . 

12,624 

0.    . 

6 

18,     . 

14 

26,     . 

2 

»,      . 

24.411 

14.     . 

37 

19,     . 

July      2,     . 

7 

11,     . 

1,048 

21,     . 

7 

23,     . 

0.     . 

4 

14.      . 

21,960 

26,     . 

112 

28.     . 

18,     . 

0 

1«.      . 

659 

29,     . 

117 

Dec.      5,     . 

28,     . 

2 

18,      . 

4,997 

July      8,     . 

80 

10,     . 

80,     . 

8 

21,      . 

1,146 

6,     . 

1,071 

14.     . 

12 

Aug.      6,     . 

6 

23.     . 

6,727 

7.     . 

164 

21.     . 

12,     . 

10 

25,      . 

867 

10,     . 

100 

26,     . 

84 

1»,     . 

14 

28.      . 

6,379 

13,     . 

93 

1889. 

26,      . 

12 

March    1,      . 

6,535 

17.     . 

8 

Jan.      2,     . 

Sept.     2,     . 

6 

8,      . 

6,649 

1«.     . 

10 

8,     . 

10,     . 

736 

e.    . 

2.751 

21,     . 

14 

15,     . 

16,     . 

63 

8,     . 

14.110 

2*.      . 

10 

22,      . 

16 

24,     . 

4 

10,     . 

1,140 

28,     . 

9 

29,      . 

Oct.       2,     . 

3,454 

16,      . 

8,603 

Aug.     2,     . 

83 

Feb.       6,     . 

10.      . 

434 

17,     . 

1.801 

7.     . 

197 

12.     . 

16,      . 

9 

20,      . 

1,428 

11,     . 

176 

10.     . 

25,      . 

33 

22,      . 

2,196 

16,     . 

304 

27.     . 
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FILTER    TANK    No.   11. 


This  tank  is  one  of  the  galvanized  iron  tanks,  situated  in  the 
building,  and  has  a  horizontal  area  one  hundredth  of  that  of  the  large 
tanks  which  are  in  the  field,  or  one  twenty-thousandth  of  an  acre. 

Above  the  lower  layer  of  sand  and  gravel  common  to  all  of  the 
tanks,  this  tank  is  filled  with  3.65  feet  in  depth  of  material  like  that 
of  Tank  No.  6,  —  making  in  all  a  depth  of  four  feet  of  filtering 
material. 

The  whole  tank  contained  70  gallons  of  sand  and  gravel,  in  which 
were  air  spaces  amounting  to 25.4  gallons,  or  37  per  cent,  of  the 
whole  volume.  When  saturated,  it  contained  25.4  gallons  of  water; 
and,  after  draining  for  two  days,  there  still  remained  7.6  gallons  of 
water,  with  17.8  gallons  of  air,  or  11  per  cent,  and  26  per  cent. 
respectively,  of  the  whole  volume  of  sand  and  gravel. 

Effect  op  Sterilizing  the  Filtering  Material. 

The  sand  of  this  tank  and  its  underdraining  gravel  were  baked 
in  a  boiler  heated  to  redness,  in  which  the  sand  had  been  moved 
over  the  surface  until  it  was  supposed  that  every  particle  had  come 
in  contact  with  the  red-hot  iron. 

The  lower  seven  inches  of  gravel  and  sand  were,  after  being 
heated,  placed  in  the  tank  and  then  saturated  with  water  at  a  tem- 
perature of  204^  F.  dmwn  from  a  boiler  where  it  had  been  boiling. 

This  water  was  drawn  out  twice  and  replaced  by  boiled  water. 
Then  twelve  gallons  of  boiled  water  at  the  temperature  of  204°  were 
added,  and  hot  sand  sprinkled  into  it  at  a  temperature  of  249°. 
Other  water,  amounting  to  25  more  gallons,  was  boiled  and  put  in 
at  the  above  temperature,  and  the  hot  sand  added,  causing  the  water 
to  again  boil  in  the  tank.  The  tank  was  thus  filled  on  Febniary  4, 
and  two  days  later  all  the  water  that  would  freely  flow  was  drawn 
out  of  it,  and  the  next  day  a  sample  that  had  collected  in  the  bottom 
was  found  to  contain  2,979  bacteria  per  cubic  centimeter.     On  Feb- 
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ruary  8  sewage  was  first  applied,  and  the  first  water  that  was  pushed 
through  contained  62,400  bacteria.  Later  in  the  day  more  sewage 
was  applied,  amounting  in  all  to  7.5  gallons,  which  must  have 
i-eplaced  nearly  all  of  the  water  held  between  the  particles  of  sand. 
Three  days  later  the  number  of  bacteria  in  the  effluent  was  510,000. 
The  number  increased,  and  ten  days  after  the  first  sewage  was 
applied  the  number  counted  was  1,944,000,  which  was  about  five 
times  the  average  number  found  in  the  sewage  in  the  previous  week. 

Tank  No.  6,  filled  with  similar  sand  which  was  not  baked  and  with 
water  which  was  not  boiled,  allowed  a  maximum  number  of  but  five 
per  cent,  of  the  number  of  bacteria  of  the  sewage  applied  the  first 
week  to  come  out  with  the  effluent. 

It  is  probable  that  the  change  due  to  heating  the  sand  of  No.  11 
and  to  heating  the  water  first  applied  was  limited  to  the  organic 
matter  contained  in  the  sand  and  water ;  and  the  resulting  efiect  upon 
bacteria  was  through  preparing  this  organic  matter  to  be  a  better  food 
for  bacteria.  This  heating  allowed  one  hundred  times  as  many  bacteria 
to  live  through  the  passage  of  No.  11  as  came  through  No.  6  of  like 
sand,  and  enabled  the  number  applied  in  the  first  sewage  to  increase 
five-fold,  while  no  sand  that  was  not  heated  allowed  more  than  40  per 
cent,  of  the  number  applied  to  pass  through.  The  effect  of  heating 
appeared  to  continue  for  more  than  three  months,  for  there  appears 
to  be  no  other  reason  for  the  number  of  bacteria  to  continue  through 
this  long  period  nearly  one  hundred  times  as  many  as  the  number 
passing  through  No.  6. 

This  indicates  that  the  food  supply  within  the  filter  has  a  very 
important  relation  to  the  number  of  bacteria  that  can  pass  through. 

General  Results. 

The  chlorine  of  the  effluent  on  the  second  day  after  sewage  was 
applied  indicated  that  the  effluent  was  entirely  from  sewage.  After 
this,  for  seven  months, — February  9  to  September  4,  1888,  —  the 
quantity  of  sewage  applied  daily  (except  on  four  short  intervals) 
was  1.5  gallons ;  and  the  effluent  averaged  1.47  gallons  per  day, — 
the  equivalent  of  29,400  gallons  per  acre  per  day. 

The  chemical  analyses  of  the  effluent  and  daily  observations  on 
this  tank  are  given  in  tables  at  the  end  of  this  section.  There  may 
also  be  found  a  diagram  of  the  daily  results  of  analyses  of  the  effluent, 
together  with  the  sum  of  ammonias  found  in  the  sewage  applied  to 
this  tank. 
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For  immediate  reference,  the  monthly  averages  of  daily  results  of 
analyses  of  effluent  and  of  the  sewage  from  which  it  came,  and  the 
percentages  of  the  latter,  together  with  the  daily  quantity  of  effluent 
and  the  number  of  bacteria  found  in  a  cubic  centimeter  of  the  efflu- 
ent, are  given  in  the  following  table  :  — 


Monthly  Averages  of  Daily  Results  toith  Filter  Tank  No.  11. 

ii 

Rksiduu  on 

EVAI>ORATtQ>r. 

AMiiOMi. 

4« 

Datb. 

P 

1-^ 

1 

1 

il 

< 

1 

1 

1 

;| 

III 

'A 

18S8. 

1 

■■ 

Feb.  8-22,  . 
Feb.  8-29,  . 

Sewage,  . 
Effluent, . 
Per  cent.. 

1.86, 

21.84 
5.18 
23 

12.85 
10.74 
84 

1.2167 
.0119 

1 

.4288 
.0326 
8 

1.6455 
.0445 

*          1 

8.06 
3.05 

1    .006 
1    .011 

- 

'l/)lM22 

Feb.  23-Mar.  24, 
March,       . 

Sewage,  . 
Effluent, . 
Per  cent.. 

1.48 

15.94 
2.02 
13 

19.23 
9.46 
49 

.6322 
.0375 

7 

.3039 
.0127 
3 

.9261 
.0502 

2.14 
2.05 

.007 
.018 

.0027 
.0030 

3C«,t83 

Mar.26-Apr.22, 
April,         .        . 

Sewage,  . 
Effluent, . 
Per  cent.. 

1.48 

38.23 
3.11 
8 

46.26 
13.00 
28 

1.1370 
.1547 
14 

.7230 
.0161 
2.1 

1.8600' 
.1698 

8.22 
3.07 

.007 
.132 

.0039 

lix: 

Apr.23-May24, 
May,  .       .       . 

Sewage,  . 
Effluent,. 
Per  cent.. 

1.48 

42.09 
13.21 
31 

47.27 
17.89 
88 

1.1229 
.3707 
33 

1.2980 
.0147 
1.1 

2.4309 
.8864 
16 

8.64 
8.71 

.008 
1.457 

.0024 
.0136 

1 

2^843 

May  25-June  22, 
June, . 

Sewage,  , 
Effluent. . 
Per  cent.. 

1.47 

17.38 
12.19 
70 

23.60 
24.49 
104 

1.2819 
.0840 
7 

.3643 
.0109 
8 

1.6462 
.0949 

4.86 
6.64 

.007 
1.429 

.0006 
.0315 

m 

Junc23.July24, 
July.  .       .       . 

Sewage,  . 
Effluent. . 
Per  cent., 

1.41 

14.65 
7.51 
51 

25.95 
28.17 
109 

1.7304 
.0236 
1 

.8682 
.0121 
3 

2.0936 
.0357 
2 

5.80 
6.89 

.009 
1.186 

.0002 
.0274 

13"45l 

July  25- Aug.  27, 
Aug.  1-Sept.  8, . 

Sewage,  . 
Effluent, . 
Per  cent.. 

1.48 

50.74 
4.12 
8 

51.25 
32.77 
64 

2.7012 
.0129 
.5on 

.9936 
.0105 
1.1 

8.6948 
.0234 
.6ofl 

6.58 
7.13 

.013 
1.483 

.0000' 
.0040 

3,757 

Sept.  6.      . 
Sept.  13-30,       . 

Sewage,  . 
Effluent, . 

.15 

39.00 
40.40 

36.00 
510.40 

2.9600 
2.2080 

1.1500 
.0832 

4.1100 
2.2912 

7.00 
292.10 

.034 

.0000 
.2684 

3;279 

October,    . 

Sewage,  . 
Effluent, . 

.11 

58.78 

872.89 

2.4944 

.0867 

2.6811 

493.22 

.044 

.3861 

'm5 

November, 

Sewage,  . 
Effluent.. 

.09 

82.75 

1031.87 

2.1875 

.0612 

2.1987 

689.00 

.662 

.5875 

'67 

December, 

Sewage,  . 
Effluent, . 

.10 

81.1)0 

1107.33 

1.6300 

.0647 

1.6947 

699.29 

.739 

1.1643 

"» 

1889. 

January,    . 

Effluent, . 

.06 

66.50 

1080.67 

1.4700 

.0613 

1.5313 

589.60 

.630 

i.nso 

112 

February, . 

Effluent, . 

.05 

58.25 

1029.00 

1.4000 

.0563 

1.5163 

563.00 

.438 

1 

1.925o' 

i 

When  sewage  first  came  through  the  tank,  there  was  a  slight 
nitrification  which  continued  three  or  four  days,  the  nitrates  reach- 
ing 0.030  parts  per  100,000;  but,  after  this,  nitrification  ceased,  aod 
the  nitrates  of  the  effluent  were  no  higher  than  those  of  the  sewage, 
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until  March  5.  During  the  remainder  of  March  they  were  from 
0.010  to  0.030  parts,  averaging  for  the  month  0.018  parts.  There 
was  an  interval  between  March  31  and  April  4,  and  another  between 
April  7  and  10,  when  no  sewage  was  applied. 

On  April  12  the  nitrates  had  increased  to  0.070  parts,  and  then 
continued  increasing  through  the  month  to  0.260  parts,  averaging 
for  the  month  0.132  p^rts.  They  then  increased  more  rapidly,  and 
on  May  11  amounted  to  2.000  parts,  and  averaged  for  the  month  of 
May  1.457  parts.  In  June  the  nitrates  varied  from  1.800  parts  to 
1.100  parts,  averaging  1.429  parts.  They  continued  high  through 
July  and  August,  averaging  for  July  1.186  parts,  and  for  August 
1.483  parts. 

The  percentages  which  the  nitrogen  of  the  nitrates,  in  the  last 
four  months,  were  of  the  total  nilrogen  of  the  sewage,  are  given  in 
the  folio  wins:  table  :  — 


Percentage  of  ike  Total  Nitrogen  applied  in  the  Sewage 
Effluent  of  Tank  No.  11  as  Nitrates. 

that  appears  in 

the 

Total 
Nitrogen 

in 
Sewage. 

Nitrates 
in  Effluent 
corrected 

for 
Quantity. 

Per 
-  Cent. 

Quantity 

of 
Effluent 
Gallons. 

Tbmpbbaturb. 

Sewage. 

Elffluent. 

May 

3.0509 

1.440 
1.378 
1.081 
1.400 

47 
83 
53 
89 

1.48 
1.47 
1.41 
1.48 

48* 
63' 
69- 
71' 

Jane,        ,        ....... 

1.6582 

66* 

July, 

2.0238 

69* 

August  1  to  September  3 

3.8575 

70* 

The  completeness  of  nitrification  was  almost  identical  with  Tank 
No.  6  through  May,  June  and  July,  but  was  decidedly  greater  in 
this  tank  in  August. 


In  the  First  Months,  Purification  was  Indicated  by  Decrease 
IN  Albuminoid  Ammonia  and  Increase  in  Free  Ammonia. 
The  free  ammonia  of  the  effluent,  after  the  first  ten  days,  increased 
continually  until  nearly  a  month  after  the  nitrates  became  the  high- 
est, in  May,  and  averaged  in  February  0.0119  parts;  in  March, 
0.0375  parts,  or  seven  per  cent,  of  that  of  the  sewage ;  in  April, 
0.1517  parts,  or  14  per  cent,  of  that  of  the  sewage;  and  in  May, 
0.3707  parts,  or  33  per  cent,  of  that  of  the  sewage. 
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The  albuminoid  ammoniay  on  the  contrary,  was  highest  when 
the  sewage  first  came  through  the  filter,  amounting  to  0.0556  parts, 
and  decreased  in  percentage  of  that  of  the  sewage  in  each  month 
until  the  nitrates  were  at  their  height.  It  averaged,  in  Febru- 
ary, 0.0326  parts,  or  eight  per  cent,  of  that  of  the  sewage  ;  in  March, 
0.0127  parts,  or  three  per  cent,  of  that  of  the  sewage;  in 
April,  0.0151  parts,  or  two  per  cent,  of  that  of  the  sewage ;  and  in 
May,  0.0147  parts,  or  one  per  cent,  of  that  of  the  sewage. 

More  Complete  Purification  by  Nitrification. 

The  purifying  effects  of  the  nitrification  became  evident,  on  the 
first  of  June,  by  the  marked  decrease  of  the  amount  of  free  ammo- 
nia, which,  in  May,  averaged  0.3707  parts,  and  in  June  averaged 
only  0.0840  parts,  or  seven  per  cent,  of  that  of  the  sewage. 

The  free  ammonia  continued  decreasing  through  July  and  August, 
averaging,  in  July,  0.0236  parts,  or  one  per  cent,  of  that  of  the 
sewage;  and  in  August,  0.0129  parts,  or  0.5  of  one  per  cent,  of 
that  of  the  sewage. 

The  albuminoid  ammonia  changed  much  less,  and  averaged  in 
June,  0.0109  parts,  or  three  per  cent,  of  that  of  the  sewage; 
in  July,  0.0121  parts,  or  three  per  cent,  of  that  of  the  sewage;  in 
August,  0.0105  parts,  or  one  and  one-tenth  per  cent,  of  that  of  the 
sewage. 

The  sum  of  ammonias  decreased  in  these  three  months  from  0.0949 
parts  in  June  to  0.0234  parts  in  August,  when  they  were  six-tenths 
of  one  per  cent,  of  the  sum  of  ammonias  of  the  sewage. 

Nitrogen,  as  nitrites  in  the  efiluent  of  this  tank,  has  been  higher 
than  in  Tank  No.  6.  The  average  in  March  was  0.0030  parts ;  in 
April,  0.0039  parts  ;  in  May,  0.0136  parts ;  in  June,  0.0315  parts; 
in  July,  0.0274  parts ;  in  August,  0.0400  parts.  It  was  probably 
higher  in  the  last  two  months  than  it  would  have  been  if  there  had 
not  been  a  glass  trap  put  upon  the  outlet  June  20  and  continued 
through  July  and  August.  The  analyses  of  the  eflBiuent  in  August 
show  more  complete  nitrification  and  a  little  better  purification  from 
organic  matter  than  those  of  Tank  No.  6,  which  was,  however, 
filtering  a  larger  quantity.  Neither  of  these  tanks  had  at  this  time 
reached  the  best  result  that  could  be  expected  of  them.  Tank  No.  6 
continued  to  improve  rapidly  in  the  following  months;  and  the 
efliuent  of  Tank  No.  11  at  this  time  compared  favorably  with  the 
water  flowing  in  the  Merrimack  River. 
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The  Character  of  this  Filter  changed  bt  covering  the 
Surface  with  Peat. 

In  making  investigations  of  the  value  of  the  Saugus  Marshes  for 
filtering  the  sewage  of  the  Mystic  River  Valley,  it  became  impor- 
tant to  determine  the  effect  of  a  layer  of  vegetable  muck  or  peat  upon 
a  body  of  sand  known  to  be  a  good  filter.  For  this  purpose  Tank 
No.  11  was  selected;  and  a  section  of  peat,  one  foot  in  depth  and 
just  the  diameter  of  this  tank,  was  brought  from  the  Saugus  Marshes 
and  thoroughly  pulverized,  like  garden  soil ;  and  after  saturating 
the  sand  with  sewage  on  Sept.  5,  1888,  this  peat  was  on  the  next 
day  placed  on  the  top  of  the  sand  and  saturated  with  1 1  gallons  of 
sewage.  The  top  of  the  mass  then  stood  17.7  inches  above  the  top 
of  the  sand,  but  in  a  few  days  it  settled  and  became  14.5  inches 
deep. 

The  peat  when  pulverized,  though  it  had  appeared  quite  dry  in 
the  mass,  was  found  to  contain  59  per  cent.,  by  weight,  of  water; 
and  when  saturated  and  settled  for  twenty-four  hours,  it  is  estimated 
that  83  per  cent,  of  the  volume  was  water ;  at  this  rate  the  tank  then 
contained,  within  the  14.5  inches  in  depth  of  peat,  16  gallons  of 
water ;  and  the  four  feet  in  depth  of  sand  beneath  it  contained  13 
gallons ;  so  that  one  gallon  of  sewage  applied  to  the  surface  daily, 
if  it  had  to  push  before  it  all  of  the  liquid  contained  in  the  material, 
would,  if  it  went  through,  reach  the  bottom  in  twenty-nine  days. 

The  Quantitt  of  Sewage  that  will  pass  through  the  Peat 
too  Small  to  render  Filtration  Practicable. 

It  was,  however,  soon  found  that  a  gallon  of  sewage  would  not  go 
through  the  peat  in  a  day.  On  September  10,  a  gallon  was  applied, 
and,  with  the  outlet  continually  open,  it  did  not  disappear  from  the 
surface  for  a  week.  After  this  only  0.24  of  a  gallon  was  applied 
daily;,  and  from  September  13  to  30,  only  0.15  of  a  gallon  came 
through  daily,  the  remainder  evaporating. 

In  October,  the  same  quantity  was  applied  daily;  but  only  0.11 
of  a  gallon  came  through.  A  part  of  the  remainder  evaporated,  and 
a  part  accumulated  on  the  surface,  where  it  became,  at  the  end  of 
the  month,  2.5  inches  deep.  The  same  quantity  was  applied  until 
November  26  ;  but  as  the  amount  accumulated  on  the  surface  came 
to  be  five  inches  deep,  and  nearly  filled  the  tank,  none  was  applied 
in  the  last  four  days  of  November.     The  average  daily  quantity  that 
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came  through  in  the  month  was  0  09  of  a  gallon,  —  and  this  with  a 
pressure  of  from  three  to  five  inches  of  sewage  upon  the  surface. 
The  quantity  passing  through  was  at  the  rate  of  only  1,800  gallons 
per  acre  per  day,  which  is  equal  to  less  than  one-half  of  the  ordinary 
rainfall ;  thus  showing  that  a  body  of  sand  covered  with  peat  to  the 
depth  of  a  foot  would  be  entirely  useless  for  a  filtering  area. 

During  the  month  of  December,  0.24  of  a  gallon  of  sewage  was 
applied  at  intervals  of  from  three  to  five  days,  sufficient  to  keep  the 
sewage  standing  upon  the  surface  to  the  depth  of  about  five  inches. 
The  average  quantity  flowing  through  was  0.10  of  a  gallon  daily. 

In  January  and  February  the  depth  of  sewage  upon  the  surface 
remained  about  the  same;  but  the  quantity  passing  through  de- 
creased, averaging  in  January  0.0.6  of  a  gallon,  and  in  Februar)' 
0.05  of  a  gallon,  daily,  or  the  equivalent  of  only  1,000  gallons  a 
day  per  acre.  Up  to  the  end  of  February  only  about  16  gallons 
of  effluent  had  come  through  this  tank  in  the  six  months  since  the 
layer  of  peat  was  put  upon  the  sand. 

Of  the  1 1  gallons  that  were  put  into  the  peat  on  September  6, 
one  gallon  was  drawn  off  the  top  and  as  many  as  three  gallons  were 
drawn  down  into  the  sand.  At  the  same  time  15.5  gallons  had 
been  drawn  from  the  tank,  leaving  as  much  as  12  gallons  of  air 
within  the  sand,  with  probably  six  gallons  of  sewage  that  had  been 
put  into  the  sand  before  the  peat  was  put  on,  and  three  or  four 
gallons  that  had  come  down  out  of  the  peat. 

Passage  of  Sewage  through  the  Peat  indicated  by  the 
Chlorine  of  the  Effluent. 
That  some  pail;  of  the  liquid  that  had  been  in  the  peat  came 
through  the  sand,  without  pushing  out  all  of  the  water  beneath,  is 
shown  by  the  chlorine  of  the  effluent  rising  in  three  days  from  that 
of  the  sewage,  which  was  7.00  parts  per  100,000,  to  169.50  parts 
on  September  13,  when  but  one  gallon  had  passed  out  after  the 
three  or  four  gallons  above  mentioned  had  left  the  sand.  This  rise 
in  chlorine  was  due  to  the  salt  contained  in  the  peat,  which  had 
been  taken  from  a  marsh  frequently  overflowed  by  the  sea.  Four 
days  later  the  chlorine  of  the  effluent  was  258.5  parts,  and  at  the 
end  of  the  month  408  parts,  averaging  in  September  292  parts  per 
100,000.  It  continued  increasing  through  the  next  two  months  to 
600  parts,  averaging  in  October  493.22  parts,  and  in  November 
589.00  parts.     It  remained  nearly  constant  through  December  and 
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January,  and  was  a  little  lower  in  February.  It  averaged  599.29 
parts  in  December,  589.51  parts  in  January,  and  563.00  parts  in 
February.  From  these  amounts  of  chlorine  we  must  conclude  that 
a  considerable  part  of  the  16  gallons  of  effluent  has  filtered  down 
through  the  peat  as  well  as  through  the  sand. 

Little  Purification  except  from  Air  entering  Outlet  Pipe. 

When  the  first  effluent  was  examined  on  Sept.  13,  1888,  the 
nitrates  were  0.0070  parts ;  they  soon  increased  and  continued  at 
about  0.0300  parts  until  October  21  ;  after  which  they  increased 
rapidly  to  0.1000  parts  on  October  29,  averaging  for  the  month  of 
October  0.0440  parts ;  they  continued  increasing  through  Novem- 
ber to  0.8500  parts,  averaging  for  the  month  0.5620  parts.  On 
November  24,  a  glass  trap  was  put  upon  the  outlet  intended  to 
prevent  the  entrance  of  air ;  but  on  December  13  it  was  noticed 
that  the  effluent  stopped  running,  and  air  was  drawn  into  the  tank 
through  the  trap, — hence  the  exclusion  of  air  was  not  complete. 
On  February  8  a  trap  18  inches  deep,  with  its  outlet  at  the  level  of 
the  bottom  of  the  tank,  replaced  the  former  trap  for  the  more  com- 
plete exclusion  of  the  air.  The  nitrates  continued  increasing  until 
December  6,  when  they  reached  1.0500  parts  and  afterwards 
decreased  to  0.5000  parts,  at  the  end  of  the  month  averaging 
0.7390  parts.  In  January  the  nitrates  averaged  0.6300  parts,  and 
in  February  0.4380  parts. 

The  nitrites  were  remarkably  high  in  the  effluent  from  this  tank, 
particularly  after  the  trap  was  put  upon  the  outlet.  They  increased 
almost  continually  from  the  beginning  of  these  experiments  with 
peat  upon  the  surface.  On  September  13  they  amounted  to  .1000 
parts,  rising  to  .4000  parts  at  the  end  of  the  month,  and  averaging 
.2684  parts;  in  October  they  averaged  .3861  parts;  in  November, 
.5875  parts ;  in  December,  1.1643  parts  ;  in  January,  1.7750  parts ; 
and  in  February,  1.9250  parts.  In  the  last  month  the  nitrites  were 
the  highest  that  have  been  found  in  the  effluent  from  any  of  the 
tanks,  and  amounted  to  45  per  cent,  of  the  total  nitrogen  of  the 
sewage.  At  this  time  the  nitrogen  of  the  nitrites  and  nitrates 
amounted  to  55  per  cent,  of  the  nitrogen  of  the  sewage ;  and  the 
nitrogen  of  the  ammonias  of  the  effluent  amounted  to  36  per  cent, 
of  the  nitrogen  of  the  sewage  when  applied. 

The  oxygen,  that  enabled  the  nitrates  and  nitrites  to  form, 
undoubtedly  came  through  the  outlet  pipe ;  and,  as  the  sand  beneath 
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the  peat  probably  contained  twice  as  much  air  as  liquid,  and  the 
liquid  was  not  changed  more  than  two  or  three  times  in  six  months, 
this  supply  of  oxygen  appears  adequate. 

The  free  ammonia  of  the  effluent  was  about  eight-tenths  of  that 
of  the  sewage  in  September  and  October,  averaging  in  the  latter 
month  2.4944  parts.  In  November  it  decreased  from  2.6000  parts 
to  1.6900  parts,  and  averaged  2.1375  parts.  In  December  it  was 
nearly  constant,  averaging  1.6300  parts.  In  January  it  averaged 
1.4700  parts,  and  in  February  1.4600  parts. 

The  albuminoid  ammonia  increased  from  0.0500  parts  on  Septem- 
ber 13  to  0.1300  parts  at  the  end  of  the  month,  and  averaged 
0.0832  parts.  In  October,  it  averaged  0.0867  parts ;  in  November, 
it  decreased  from  0.1100  parts  to  0.0200  parts  at  the  time  the  trap 
was  put  upon  the  outlet ;  after  which  it  increased,  and  averaged  for 
the  month  0.0612  parts. 

The  sum  of  the  ammonias  decreased  from  2  5811  parts  in  October 
to  1.5163  parts  in  February,  when  they  were,  after  a  passage  of 
some  months  from  the  surface,  37  per  cent,  of  the  sum  of  the 
ammonias  of  the  applied  sewage. 

In  addition  to  the  fact  that  the  quantity  of  sewage  that  could  filter 
through  the  peat  was  so  small  as  to  render  it  useless  for  a  filter,  the 
effluent  after  a  trial  of  six  months  was  unsatisfactory.  Up  to  Jan. 
1,  1889,  the  odor  of  the  effluent  was  quite  strong,  but  in  the  last 
two  months  it  was  scarcely  noticeable. 

Peat  removed  from  the  Surface,  and  a  Solution  of  Peftgne 

FULLY  Nitrified. 

On  March  2,  1889,  the  one  foot  in  depth  of  peat,  which  for  six 
months  had  been  upon  the  sand  of  Tank  No.  11,  was  removed,  and 
on  March  4  city  water  was  allowed  to  run  through  the  sand  for  six 
hours,  to  wash  out  the  salt  which  had  come  from  the  peat.  The 
chlorine  was  thus  reduced  from  540  parts  to  about  10  parts  per 
100,000. 

On  March  9,  instead  of  sewage,  a  solution  of  peptone  was  applied 
to  this  filter,  consisting  of  three  gallons  of  city  water,  in  which  was 
dissolved  so  much  peptone  that  the  solution  had  1  part  per  100,000 
of  albuminoid  ammonia,  or  1.5  parts  of  nitrogen,  as  determined  by 
the  Kjeldahl  process.  This  peptone  is  an  albuminoid  compound 
which  is  soluble  in  water,  and  decomposes  readily  and  completely. 
It  contains  hydrogen  and  nitrogen  so  combined  with  other  con- 
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stituents  that  they  can  be  very  readily  separated  as  ammonia,  with 
probably  less  liability  to  loss  than  the  compounds  in  sewage  which 
are  expressed  in  analyses  as  albuminoid  ammonia. 

The  object  of  experiments  with  this  solution  was  to  determine  the 
relation  of  the  nitrogen  applied  in  a  single  nitrogenous  substance  of 
this  character,  of  known  composition,  to  the  nitrogen  of  the  effluent, 
expecting  a  more  accurate  comparison  than  could  be  made  with  the 
unknown  and  variable  nitrogenous  matter  of  sewage. 

When  the  peptone  was  first  dissolved  in  the  water,  the  ammonia 
was  nearly  all  in  the  foim  of  albuminoid  amiponia,  but  this  so 
readily  changed  to  free  ammonia,  that,  in  making  an  analysis  imme- 
diately after  dissolving  the  peptone,  the  free  ammonia  amounted  to 
about  0.1700  parts ;  and  at  any  subsequent  time  this  amount  of  free 
ammonia  would  be  found  to  be  very  much  increased.  This  solution 
was  made  of  thie  strength  above  given,  and  promptly  applied  to  the 
sand,  three  gallons  at  a  time  daily,  from  March  9  until  July  2, 
1889.  After  July  2,  there  were  applied  solutions  of  chloride  of 
ammonium  with  and  without  common  salt.  The  details  of  these  ex- 
periments, which  were  continued  through  the  year,  are  given  in  the 
report  of  Professor  Drown  and  Mr.  Hazen,  appended. 

The  general  results  of  the  application  of  peptone  are  as  follows  : 
The  nitrates  increased  from  0.2500  parts  to  1.0000  parts  at  the  end 
of  March.  The  free  ammonia  contained  in  the  tank  was  reduced  in 
the  same  time  to  0.0028  parts,  and  the  albuminoid  ammonia  to 
0.0166  parts.  The  results  obtained  during  the  three  following 
months  are  given  in  the  table  below. 


Free 

Ammonin. 

Albaminold 
AmmonlA. 

KiTROOKN  A8 

Total 
Nitrogen. 

Nitrates. 

Nitrites. 

At>iil 

0.0016 

0.0167 
0.0146 
0.0126 

1.1700 
1.2800 
1.6000 

0.0011 
0.0006 
0.0003 

1.20 

May. 

June, 

0.0020 
0.0019 

1.30 
1.52 

The  total  nitrogen  found  in  the  effluent  in  April  was  80  per  cent, 
of  that  applied ;  in  May,  87  per  cent. ;  and  in  June  it  was  equal  to 
the  amount  applied,  averaging  for  the  three  months  89  per  cent,  of 
the  amount  applied.  A  very  much  smaller  per  cent.,  if  any,  was 
lost  than  when  sewage  was  applied. 
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The  sam  of  ammonias  was,  in  the  three  months,  1.6  per  cent,  of 
the  sum  of  ammonias  applied. 

We  find  that  this  filter  of  sand  four  feet  in  depth,  which  m  Sep- 
tember, 1888,  was  removing  more  than  99  per  cent,  of  the  organic 
matter  of  the  sewage  applied  to  it,  but  which,  when  covered  with  a 
depth  of  one  foot  of  peat,  was  able  to  remove  but  about  60  per 
cent,  of  the  organic  matter  of  the  sewage,  upon  having  the  peat 
removed,  again  filters  nitrogenous  organic  matter  so  effectually  as  to 
remove  more  than  98  per  cent,  of  the  nitrogenous  matter  as  shown 
by  the  ammonias,  and  to  transform  it  to  mineral  matter  which 
appears  in  the  efiluent  as  nitrates. 

A  general  view  of  the  changes  in  the  eflBiuent  from  this  filter  to 
this  time  may  be  obtained  from  the  diagram  accompanying  the 
tables  of  observations. 

Experiments  upon  filtering  a  Solution  of  AMMONniM 
Chloride  with  and  without  Salt. 

Subsequent  experiments  from  July  2  to  Aug.  8,  1889,  when  there 
were  applied  daily  three  gallons  of  a  solution  of  ammonium  chloride 
(with  its  equivalent  of  soda)  containing  two  parts  of  nitrogen  per 
100,000,  showed  that  very  nearly  all  of  the  ammonia  was  converted 
to  nitrates,  and  that  the  latter  were  increased  for  several  weeks  by 
the  removal  of  nitrogen  which  had  previously  been  stored  in  the 
tank. 

Applied  in  this  form  there  appears  to  be  very  little  if  any  loss  of 
nitrogen  into  the  air,  or  otherwise,  in  the  nitrifying  process. 

The  mean  analysis  of  the  efiluent  in  the  latter  part  of  July  and 
first  of  August  was  as  follows  :  — 

Free  ammonia, 0.0018 

Albuminoid  ammonia, 0.0106 

Chlorine, 6.42 

Nitrates, 1.9500 

After  August  8,  the  same  solution,  with  the  addition  of  common 
salt,  was  applied  daily  until  August  26,  when  the  following  analysis 
was  obtained :  — 

Free  anmionia, .  1.9600 

Albuminoid  ammonia, 0.1400 

Chlorine, 1291.0 

Nitrates, .        «  0.0000 
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This  solation  was  about  two-fhirds  as  salt  as  sea-water,  and  its 
effect  was  to  stop  nitrification  and  allow  the  ammonia  to  come 
through  the  filter  unchanged. 

From  August  27  to  September  8,  three  gallons  of  the  solution  of 
ammonium  chloride  were  applied  daily  without  salt.  In  six  days 
the  nitrification  was  more  than  complete,  —  that  is,  it  was  removing 
stored  nitrogen  when  the  chlorine  was  44.10  parts,  and  at  the  end 
of  twelve  days,  when  the  chlorine  was  reduced  to  7.46  parts,  the 
following  analysis  was  obtained :  — 

Free  ammonia, 0.0080 

Albuminoid  ammonia, 0.0114 

Chlorine, 7.46 

Nitrates, 2.8000 


Upon  again  adding  salt  so  that  the  solution  was  about  one-four- 
teenth as  strong  as  sea-water,  the  nitrates  decreased  in  ten  days  to 
0.1500  parts ;  but  upon  continuing  the  same  solution  eight  days 
longer  the  nitrates  increased  to  1.3400  parts.  The  chlorine  was 
then  127.1  parts. 

Upon  increasing  the  quantity  of  salt  daily  for  three  weeks,  until 
the  chlorine  amounted  to  367.0  parts,  the  nitrates  decreased  to 
0.2000  parts ;  but  upon  continuing  to  increase  the  quantity  of  salt 
the  nitrates  again  increased ;  and  when,  on  December  14,  the  chlo- 
rine had  been  gradually  increased  to  1306.0  parts,  the  nitrates 
formed  1.0000  parts.  The  analysis,  in  parts  per  100,000,  was  as 
follows :  — 

Free  ammonia, 2500 

Albuminoid  anunonia, 0220 

Chlorine 1306.0 

Nitrates, 1.0000 

Here  we  find  that  by  gradually  increasing  the  amount  of  salt  in 
the  solution  to  a  little  more  than  was  applied  in  August  at  once, 
without  time  for  a  gradual  adaptation  of  the  filter  to  the  work 
required  of  it,  we  find  a  very  different  result.  In  August  the  same 
quantity  of  salt  caused  nitrification  to  cease,  and  allowed  the  am- 
monia to  come  through  the  filter  nearly  unchanged.  By  the  gradual 
application  of  the  salt  in  increasing  quantities,  we  now  find  that, 
when  the  same  quantity  is  applied,  the  ammonias  are  reduced  to 
about  12  per  cent,  of  those  which  came  through  in  August;  and  the 
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nitrates,  which  were  then  zero,  are  now  equal  to  one  part  per 
100,000.  From  this  we  see  that  by  properly  preparing  the  filter, 
a  solution  of  ammonia  may  be  quite  satisfactorily  purified  by  nitri- 
fication, even  when  it  is  as  salt  as  ordinary  sea-water.  Upon 
rapidly  increasing  the  amount  of  salt,  from  Dec.  14  to  Jan.  8, 1890, 
to  about  four  times  that  which  it  contained  on  December  14,  so  that 
it  was  nearly  three  times  as  salt  as  ordinary  sea-water,  the  nitrates 
were  very  much  reduced.  Obtained  in  the  usual  way  they  amounted 
to  .0600  parts ;  but  it  is  to  be  noted  that  the  method  of  determin- 
ing nitrates,  when  the  solution  contains  these  very  large  amounts  of 
salt,  gives  results  which  are  too  low.  From  these  results  we  may 
conclude  that  quite  satisfactory  nitrification  may  result  when  apply- 
ing to  a  filtration  area  sewage  containing  a  very  large  amount  of 
salt,  if  only  it  be  applied  with  reasonable  regularity. 

Bacteria  in  the  Effluent  of  Tank  No.  11. 

A  table  of  the  number  of  bacteria  found  in  a  cubic  centimeter  of 
the  effluent  from  this  tank,  during  the  two  years,  is  given  at  the  end 
of  this  section,  following  the  tables  of  chemical  analyses. 

The  enormous  number  of  bacteria  found  in  the  effluent  in  the  first 
two  weeks  after  this  tank  was  filled  with  baked  sand  and  boiled 
water,  attaining  to  five  times  the  number  applied  in  the  sewage,  as 
described  on  page  490,  shows  that  there  can  be  no  serious  mechanical 
impediment  to  the  passage  of  bacteria  through  sand  of  this  character ; 
and  we  see  no  reason  why  the  number  should  increase  greatly  while 
passing  through  this  sand  and  decrease  to  only  one  per  cent,  as  many 
when  passing  through  identical  sand  in  Tank  No.  6,  unless  it  be  that 
baking  the  sand  and  boiling  the  first  water  that  was  applied  prepared 
the  organic  matter  of  the  sand  and  water  to  be  particularly  good 
food  for  the  bacteria. 

After  February  18,  when  the  number  in  the  effluent  amounted  to 
1,944,000,  they  decreased  to  960,000  at  the  end  of  the  month,  and 
averaged,  from  February  9  to  28,  1,011,422  per  cubic  centimeter. 
The  number  continued  to  decrease  till  March  10,  when  it  was  70,981 ; 
but  it  afterward  increased  to  891,600  on  March  22,  and  a  week  later 
was  172,850.  The  average  number  for  March  was  309,083.  In  the 
middle  of  April  the  number  was  26,610,  but  with  the  increase  in 
nitrification  in  the  latter  part  of  the  month  it  decreased  to  4,524. 

In  May,  with  still  higher  nitrification,  the  number  decreased  from 
6,000  in  the  first  part  of  the  month  to  45  in  the  latter  part,  averaging 
for  the  month  2,843  per  cubic  centimeter. 
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During  the  three  months  of  March,  Apnl  and  May,  the  number  of 
bacteria  that  lived  to  pass  through  this  sand  averaged  more  than  100 
times  the  number  that  passed  through  similar  sand  in  Tank  No.  6. 
The  only  known  difference  in  character  of  the  material  is  whatever 
may  be  due  to  heating  the  sand  of  No.  11  and  the  water  first 
applied,  in  the  early  part  of  February. 

In  June  the  number  of  bacteria  was  low  throughout  the  month, 
averaging  197  per  cubic  centimeter.  In  this  month  the  nitrates  of 
the  effluent  averaged  1.429  parts  per  100,000,  and  contained  83  per 
cent,  as  much  nitrogen  as  was  applied  in  the  sewage. 

In  July  the  number  increased,  in  the  latter  part  of  the  month, 
when  the  temperature  of  the  effluent  was  71°  F.,  to  32,340,  and 
averaged  for  the  month  13,458  per  cubic  centimeter.  The^  nitrates 
contained  53  per  cent,  of  the  nitrogen  applied. 

In  August,  with  very  constant  condition  of  chemical  constituents 
and  vrith  temperature  of  the  effluent  varying  from  69°  to  73°  F., 
the  number  of  bacteria  varied  from  10,148  in  the  early  part  of  the 
month  to  95  in  the  latter  part,  and  averaged  3,757  per  cubic  centi- 
meter, and  the  nitrates  were  39  per  cent,  of  the  nitrogen  of  the 
sewage. 

After  nitrification  became  active  the  number  of  bacteria  was  very 
much  less  than  before.  The  number  was  most  reduced  in  June, 
when  there  was  the  most  complete  nitrification,  and  the  nitrogen  of 
the  nitrates  was  equal  to  83  per  cent,  of  the  total  nitrogen  of  the 
sewage.  Then  the  number  in  the  effluent  was  1  in  7,000  of  the 
number  applied  in  the  sewage  ;  but  in  the  four  months  of  nitrifica- 
tion the  average  number  amounted  to  about  one-third  of  one  per 
cent,  of  the  number  in  the  sewage. 

After  the  peat  covered  the  sand,  the  number  of  bacteria  in  the 
effluent  was  less.  In  October,  when  the  number  of  bacteria  found 
in  the  sewage  on  top  of  the  peat  averaged  381,400  per  cubic  centi- 
meter, the  number  found  in  the  effluent  was  535.  In  the  following 
months  the  number  was  still  smaller,  being  in  November  67,  in 
December  25,  in  January,  1889,  112,  and  in  February  5. 

In  these  latter  months,  the  time  required  for  any  particle  to  pass 
from  the  surface  to  the  bottom  of  the  tank  was  many  weeks. 

When  filtering  Various  Solutions,  the  Number  op  Bacteria 
decreased  with  increase  op  nitrates. 
After  the  peat  was  removed  from  the  surface  of  the  sand  and 
peptone  was  applied,  the  number  of  bacteria  at  first  increased,  being 
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on  March  12,  18,819 ;  but  as  nitrification  became  more  complete, 
the  number  decreased,  and  in  the  latter  part  of  the  month  was  bat 
18.  Early  in  April,  1889,  the  number  was  2,916,  but  decreased  in 
the  last  of  the  month  to  51,  and  averaged  928.  During  this  month 
the  nitrates  were  78  per  cent,  of  the  total  nitrogen  applied. 

In  May,  when  the  nitrates  of  the  effluent  contained  85  per  cent, 
of  the  total  nitrogen  applied,  the  average  number  of  bacteria  was 
10  ;  and  in  June,  when  the  nitrification  was  complete,  the  number  of 
bacteria  in  the  effluent  averaged  but  2.  The  number  applied  in  the 
solution  of  peptone  in  the  last  four  months  was  not  determined. 

The  strong  solution  of  ammonium  chloride  that  was  used  upon 
this  tank  after  July  2,  1889,  was  formed  by  boiling,  and  was  undoubt- 
edly sterile  ;  and  when  put  into  the  three  gallons  of  city  water  it  is 
most  probable  that  the  solution  when  applied  to  the  filter  contained 
no  more  bacteria  than  were  in  the  city  water  at  that  time.  The 
average  number  for  the  month  of  July  was  87  ;  and  this  is  about  the 
average  number  in  the  city  water  through  the  following  six  months. 
While  the  ammonium  chloride  was  being  applied  alone  and  the  nitri- 
fication was  nearly  complete  through  July  and  the  first  of  AugU'^t, 
the  average  number  of  bacteria  found  in  the  effluent  was  4  per  cubic 
centimeter. 

A  solution  of  salt  as  applied  to  this  tank  in  three  gallons  of  city 
water  in  the  early  part  of  November  was  found  to  contain  about 
1,500  bacteria  per  cubic  centimeter. 

After  the  addition  of  salt  in  large  quantities,  so  that  niLrification 
ceased  and  the  ammonias  of  the  effluent  were  equal  to  those  applied, 
the  number  of  bacteria  increased  to  2,208.  Upon  continuing  the 
ammonium  chloride  without  salt,  —  the  nitrification  becoming  again 
complete  and  the  ammonias  very  low,  —  the  number  of  bacteria  in 
the  effluent  was  reduced  to  11.  Although  salt  was  again  applied  in 
increasing  quantities,  the  number  counted  did  not  reach  100  as  long 
as  nitrification  continued  active,  and  the  ammonias  were  low ;  but 
when,  on  November  5,  the  nitrates  contained  but  one-tenth  of  the 
total  nitrogen  applied,  the  bacteria  increased  to  1,679. 

In  the  first  three  weeks  of  December,  while  the  nitrates  were 
increasing  to  60  per  cent,  of  the  applied  nitrogen,  although  the 
nitrogen  of  the  ammonias  increased  to  40  per  cent.,  the  number  of 
bacteria  averaged  only  47  ;  but  in  the  last  week  of  the  month,  when 
the  nitrogen  of  the  nitrates  decreased  to  32  per  cent,  of  the  applied 
nitrogen,  and  the  ammonias  contained  48  per  cent.,  the  number  of 
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bacteria  increased  to  6,480,  and  continued  high  while  the  ammonias 
of  the  effluent  were  high,  and  the  nitrates  low. 

We  find  here,  with  the  application  of  ammonium  chloride  with 
and  without  salt,  a  decrease  and  near  extinction  of  the  bacteria  when 
nitrification  is  very  complete,  as  was  found  under  like  conditions 
when  sewage  was  applied  to  the  filter. 

The  solutions  containing  salt  were  examined  only  on  one  occasion, 
when  about  1,500  per  cubic  centimeter  were  counted.  Whether  the 
number  increased  directly  in  proportion  to  the  amount  of  salt  was 
not  determined.  The  appearance  is  that  when  salt  was  in  the  solu- 
tion enough  bacteria  were  added  to  account  for  the  large  number  in 
the  ef&uent,  which  varied,  as  when  sewage  was  applied,  inversely 
with  the  greater  or  less  degree  of  nitrification. 
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TABLES 


CHEMICAL  ANALYSES  AND  DAILY  OBSERVATIONS 

Upon    Filter   Tank    jS'o.   11. 
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February  8.  — Firet  sewage  applied. 
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Filter  Tank  No.  ii  — Continued. 
Karaii,  lam. 
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Effluent  eoIorloM,  generally  clear  and  free  from  sediment,  or  very  nearly  so. 
Karch  31.— Outlet  closed  at  11.35  a  X.    River  high. 
Total  effluent  to  end  of  month,  85.5  gallon*. 
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Filter  Tank  No.  11  —  Continued. 

April,  ISSS. 
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- 
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Effluent  colorless,  clear  or  nearly  so,  and  generally  with  very  little  sediment. 

April  5.  — OuUet  opened  at  7.08  a.m.  April  6.  —  6.04  p.m.  to  April  II,  7.31  a.m.,  outlet  closed.  RIw 
high.  April  21.  — First  1.5  gallons  applied  disappeared  In  2  mlnates,  6  seoonds.  Aprti  2».-0aU«( 
closed  at  6.36  p  m.    River  high. 

ToUl  effluent  to  end  of  month.  118.14. 
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FiUer  Tank  No.  11  —  Continued. 
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51* 
62* 
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55* 
56- 
67* 

5r 

56* 

5r 
5r 

- 

Efflaent  colorless  and  generally  clear,  and  with  very  little  sediment. 

May  4.  — Outlet  opened  at  9.23  a.x.    May  12.  — 8.42  p.m.  to  May  17,  8.07  A.M.,  oatlet  closed.    River 
Ugh. 

Total  effluent  to  end  of  month,  155.20  gallons. 
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FiUer  Tank  No.  22  —Continued. 

Mmmm,  IMS. 
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3.0 

2.8 

- 

- 

- 

- 

- 

- 

- 

- 

75*  ir 

24 

- 

0.4 

- 

- 

- 

- 

- 

- 

1      ~ 

- 

-     - 

25 
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- 

i-i' 

EfBaent  oolorleM  and  generally  clear,  and  with  Tery  little  sediment. 

June  26.  —  Trap  put  in  outlet-pipe.    26.— 5.30  P.M.,  to  28, 10.03  a.m.,  outlet  doted. 

Total  effluent  to  end  of  month,  197.16  gallons. 
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Filter  Tank  No.  12  —  Continued. 
«al7,  isas. 
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Effiacnt  clear  and  colorless,  and  generally  free  from  sediment. 
Total  efflttent  to  end  of  month,  340.92  gallons. 
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FiUer  Tank  No.  11  —  Continued. 
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- 

- 

- 

- 

- 

- 

70*     IT 

18,.        .        .        . 

3.0 

2.02 

- 

- 

- 

- 

- 

- 

- 

- 

IV     IT 

1 

w 

- 

0.38 

- 

- 

- 

- 

- 

" 

- 

1 

20 

1.5 

1.15 

6.10 

30.00 

.0134 

.0126 

.0260 

5.49 

1.4000 

.0040 

71'      - 

21 

1.5 

1.43 

- 

■    - 

- 

- 

- 

- 

- 

- 

7r    :«• 

22 

1.5 

1.56 

- 

- 

- 

- 

- 

,      - 

- 

- 

70-     69* 

2S..        .        .        . 

1.5 

1.43 

4.20 

29.20 

.0126 

.0094 

.0220 

6.78 

1.8000 

.0026 

70-     «• 

24 

1.5 

1.64 

- 

- 

- 

.     - 

- 

- 

- 

70*,  68^ 

25,. 

3.0 

2.90 

- 

- 

- 

- 

- 

- 

- 

-. 

71^     73- 

28..        .        .        . 

- 

0.42 

- 

- 

- 

- 

- 

i 

- 

- 

-       - 

27 

1.5 

1.10 

7.30 

28.00 

.0136 

.0112 

.0248 

'  6.00 

1.3000 

.0030 

:r   :r 

28,.        .        .        . 

1.5 

1.42 

- 

- 

- 

- 

- 

- 

- 

- 

lor  ■  er 

29,.        .        .       . 

1.5 

1.49 

- 

- 

- 

- 

- 

- 

- 

- 

e»*    89- 

30 

1.5 

1.49 

3.00 

34.60 

.0138 

.0080 

.0218 

8.22 

1.4000 

.0016 

70-    er 

31,.        .        .        . 

1.5 

1.62 

- 

- 

- 

- 

- 

- 

- 

- 

70*     7? 

Efflnent  odorless,  free  from  sediment  and  generally  clear. 

After  ^nguBt  1.  —  Residue  on  evaporation  was  obtained  with  sodium  carbonate. 

Total  effluent  to  end  of  month,  286.76. 
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FiUer  Tank  No.  11  —  Continued. 

■ei^ailMr,  1888. 


I! 

f! 

p 

Residue  on 
Evaporation. 

AMlfOKIA. 

1 

NiTROOBS  AS 

Depth    of   Sew- 
age on  Surfiice. 
Inches. 

TSUPKB- 
ATUKK. 

Datk. 

|1 

1 

i 

1 
5 

1 
1 

i^ 

3 

1 

' 

1.        . 

3.0 

2.90 

- 

- 

- 

- 

- 

1 

- 

- 

- 

71* 

72* 

2. 

- 

0.36 

- 

- 

- 

- 

- 

1 

1 

- 

- 

- 

- 

«. 

1.5 

1.13 

3.7 

50.5 

.0130 

.0100 

.0230 

1 
15.1 

'1.5000 

.0030 

70* 

68* 

*.        . 

1.5 

4.19 1 

- 

- 

- 

- 

- 

- 

- 

- 

- 

'71- 

66- 

5.        . 

31.49 

15.58 

- 

- 

- 

- 

- 

- 

- 

-' 

- 

70* 

- 

«. 

21.26 

17.36 

- 

- 

- 

- 

- 

- 

- 

- 

- 

68- 

- 

T.        . 

- 

8.00 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

8.        . 

- 

6.48 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

61* 

%        . 

- 

0.43 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

10. 

1.00 

.80 

- 

- 

- 

- 

- 

- 

- 

- 

- 

67* 

69' 

"♦        . 

I     . 

.26 

- 

- 

- 

- 

- 

- 

- 

.2 

- 

67- 

w. 

1     _ 

.23 

- 

- 

- 

- 

- 

- 

- 

.2 

- 

- 

13.         . 

- 

.20 

20.0 

277.0 

1.8000 

.0500    1.8500 

160.5 

.0070 

.1000 

.3 

- 

66- 

14.        . 

- 

.18 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

64' 

15.        . 

- 

.28 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1 

64- 

l^ 

- 

.07 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1 

- 

17, 

- 

.10 

38.0 

443.0 

2.0000 

.0760 

2.0760 

258.5 

.0700 

.2750 

1 

67' 

18,        . 

0.24 

.16 

- 

- 

- 

- 

- 

- 

- 

- 

- 

65* 

- 

19, 

0.24 

.14 

- 

- 

- 

- 

- 

- 

- 

- 

- 

64* 

63' 

20, 

0.24 

.18 

70.0 

548.0 

2.2100 

.1100 

2.3200 

304.5 

.a3oo 

.3000 

- 

64* 

61* 

21. 

0.24 

.13 

- 

- 

- 

- 

- 

- 

- 

- 

- 

63* 

1 

62* 

22.  . 

23,  . 

0.24 

.14 
.12 

- 

- 

- 

- 

- 

- 

- 

: 

I  : 

l61- 

62* 

24,        . 

.24 

.13 

18.0 

623.0 

2.5400 

.0300 

2.5000 

348.0 

.0250 

.2670 

1    - 

58* 

6l» 

25,        . 

.24 

.13 

- 

- 

- 

- 

- 

- 

- 

- 

i 

58* 

59* 

26,        . 

.21 

.11 

- 

- 

- 

- 

~ 

- 

- 

- 

" 

58' 

58- 

27. 

.24 

.12 

66.0 

656.0 

2.4900 

.1300  '2.6200 

380.0 

.0400 

.4000 

'       .6 

58- 

61- 

2S,        . 

.24 

.12 

- 

- 

- 

- 

- 

- 

- 

.      -7 

57' 

- 

28,        . 
30,        . 

.24 

.11 
.11 

- 

- 

- 

"      !      " 

- 

1      - 
1      ■ 

- 

.7 

1 

55- 

55* 

Effluent  colorless  and  nearly  clear,  but  with  considerable  white  sediment. 

Sept.  5.— Trap  removed  from  outlet  plpo  and  2.43  gallonu  elfluent  drawn.  Sept.  6.  —  Tank  fllled  by 
forcing  10.1  gallons  sewage  through  faucet  at  outlet.  One  hundred  and  forty-seven  pounds  eight  ounces 
of  muck  from  Baugus  Marshes  put  in  top  of  tank  and  saturntcd  with  sewage,  which  was  applied  till 
vlthin  \}i  Inches  of  rim  of  tank.  Sept.  10.  —  Surface  of  muck  5  inches  below  rim  of* tank.  Sept.  18.  — 
Ave  and  seven-sixteenths  inches.  Sept.  24  and  27.  — Masrnesium  carbonate  in  samples.  Sept.  27.— 
Organisms  visible  to  the  naked  eye  in  sample.    Sept.  20  to  20.—  Surface  contlnnally  covered  with  sewage. 

Total  efflaeni  to  end  of  montb,  346.28  gallons. 
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Filter  Tank  No.  11  —  Contirwied. 

October,  ISM. 


1 
1. 

Rbsidcb  on 

EVArORATlON. 

AXXONIA. 

i 

NXTBOGKX  AS 

^1 

TniPRB- 

ATCBJL 

DaT£. 

1 

1 

1 

is 

< 

i 

CO 

i 

5 

i 

«2 

1.            . 

0.24 

0.15 

50.0 

732.0 

2.6400 

.1000 

2.7400 

408.0 

.0300 

.4000 

.7 

1 

w     - 

2. 

.24 

.12 

- 

- 

- 

- 

- 

- 

- 

- 

.8 

63* 

1 

- 

3,         . 

.24 

.12 

- 

- 

- 

- 

- 

- 

- 

- 

.9 

'51-     56- 

4, 

.24 

.12 

58.0 

792.0 

2.3700 

.0800 

2.4500 

430.0 

.0350 

.3500 

1.0 

W     55* 

5. 

.24 

.13 

- 

- 

- 

- 

- 

- 

- 

1.1 

«r    - 

6, 

.24 

.11 

- 

- 

- 

- 

- 

- 

- 

1.1 

fiO*      - 

7, 

- 

.13 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

8, 

.24 

.15 

57.0 

836.0 

2.5800 

.0900 

2.6700 

471.0 

.0300 

.4000 

1.2 

52* 

55' 

9, 

.24 

.12 

- 

- 

- 

- 

- 

- 

- 

- 

1.2 

51' 

- 

10, 

.24 

.11 

- 

- 

- 

- 

- 

- 

- 

- 

1.2 

49* 

a? 

11. 

.24 

.11 

50.0 

847.0 

2.4700 

.1100 

2.5800 

483.0 

.0300 

.3000 

1.3 

49-     M* 

12. 

.24 

.12 

- 

- 

- 

- 

- 

- 

- 

- 

1.4 

4r    w 

13, 

.24 

.11 

- 

- 

- 

- 

- 

- 

- 

- 

1.5 

47*      - 

1         1 

14. 

- 

.11 

- 

- 

- 

- 

- 

- 

- 

- 

- 

-    1- 

15, 

.24 

.12 

90.0 

873.0 

2.6400 

.1000 

2.7400 

492.0 

.0300 

.3250 

1.5 

47- i  56- 

1«. 

.24 

.13 

- 

- 

- 

- 

- 

- 

- 

- 

1.6 

AT      - 

17, 

.24 

.12 

- 

- 

- 

- 

"• 

- 

- 

- 

1.6 

48-     W 

18,         . 

.24 

.12 

23.0 

034.0 

2.6000 

.0600 

2.6600  '  512.0 

.0200 

.3000 

1.7 

■  47*      - 

19, 

.24 

.11 

- 

. 

- 

- 

_ 

- 

- 

1.9 

46"     51' 

20. 

.24 

.11 

- 

- 

- 

- 

1 

- 

- 

1    1.9 

;  47*    - 

21, 

- 

.10 

- 

- 

- 

- 

- 

1 

- 

- 

- 

-     - 

22. 

.24 

.10 

47.0 

956.0 

2.5900 

.0700 

2.6600 

530.0 

.0500 

.4000 

1.9 

45*    5r 

23. 

.24 

.10 

- 

- 

- 

- 

- 

- 

- 

- 

1.9 

45*      - 

24, 

.24 

.10 

- 

- 

- 

- 

- 

- 

- 

- 

2.1 

45* 

KT 

25. 

.24 

.10 

67.0 

040.0 

2.8500 

.0500 

2.9000 

551.0 

.0700 

.5000 

2.2 

45* 

53* 

26,         . 

.24 

.11 

- 

- 

- 

- 

- 

- 

- 

- 

2.2 

45* 

- 

27, 

.24 

.10 

- 

- 

- 

- 

- 

- 

- 

- 

2.4 

.  46* 

53* 

28, 

- 

.10 

- 

- 

- 

- 

- 

- 

- 

- 

1 

-       - 
46-     M* 

29, 

.24 

.10 

87.0 

946.0 

1.7100 

.1200 

1.8300    562.0 

.1000 

.5000 

2.4 

30, 

.24 

.10 

- 

- 

« 

- 

- 

] 

- 

- 

1    2.4 

1 

'  46*      - 

31. 

.24 

.10 

1 
1 

- 

- 

- 

- 

1   ■ 

- 

- 

2.5 

I 

4J'     «• 

Color,  none,  or  less  than  0.1.    Little  or  no  turbidity,  but  more  or  less  white  sediment. 

October  3.— Microscopical  animal  growth  in  sewage  on  surface.  Ko  vegetable  growth.  October*, 
15, 18,  22,  25  and  29.  —  Magnesium  carbonate  in  samples. 

October  4.  — Organisms  visible  to  naked  eye  In  sample.  October  19.  — Hole  drlUed  in  side  of  Unk 
8  inches  below  top  of  mnck. 

Total  cfBuent  to  end  of  month,  349.81  gallons. 
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Filter  Tank  No.  22— Contiiiiied. 


1 

11 

Of 

u 

C  as 

Rksiddk  ok 
'Evaporation. 

1 

Akmonia. 

1 

i 
i 

1  g 

NiTBOOSK  A0 

ill 

Tkmpkr- 

ATL'KB. 

DATS. 

ii 

1 

1 

i 

< 

1 

1 

1 

1 

1. 

0.24 

.10 

90. 

973. 

2.6000 

.1100 

2.7100 

558.0 

.3700 

.4750 

2.6 

4r 

. 

2,         . 

.24 

.11 

- 

- 

- 

- 

- 

- 

- 

- 

2.7 

46* 

-■ 

».         . 

.24 

.07 

- 

- 

- 

- 

- 

- 

- 

2.8 

48* 

- 

4.         . 

- 

.13 

1      . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

6,        . 

.24 

.10 

1    60. 

1050. 

2.2400 

.0700 

2.3100 

582.0 

.4500 

.6000 

2.8 

48- 

- 

fl,        . 

.24 

.09 

- 

- 

« 

- 

1     - 

- 

- 

2.9 

49* 

- 

'h 

.24 

.10 

- 

- 

- 

- 

- 

- 

- 

- 

8.1 

50- 

- 

8.         . 

.24 

.09 

60. 

1037. 

2.5300 

.0400 

2.6700 

1  589.0* 

.4500 

.6250 

3.1 

49* 

- 

9. 

.24 

.10 

- 

- 

- 

- 

- 

. 

- 

- 

8.2 

49* 

- 

10.         . 

.24 

.00 

- 

- 

- 

- 

- 

- 

- 

- 

8.3 

48* 

- 

11, 

.08 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

12,         . 

.24 

.10 

60. 

1040. 

2.1800 

.1000 

2.2800 

.590.0 

.5300 

.6000 

8.4 

45- 

- 

13.         . 

.24 

.08 

- 

- 

- 

- 

- 

1           - 

- 

- 

3.4 

43* 

- 

w,      . 

.24 

.00 

- 

- 

- 

- 

- 

1           - 

- 

- 

3.6 

43* 

- 

15.         . 

.24 

.08 

63. 

1027. 

2.2000 

.0500 

2.2500 

597.0 

.5000 

.6000 

8.7 

42* 

- 

16,        . 

.24 

.09 

- 

- 

- 

- 

- 

1 
1     - 

- 

- 

3.8 

42- 

- 

IT, 

.24 

.08 

- 

- 

- 

- 

- 

- 

- 

- 

8.9 

42" 

- 

18.        . 

- 

.08 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

10. 

.C4 

.09 

63. 

1037. 

1.9600 

.0800 

1.9900 

504.0 

.6500 

.6500 

3.9 

40- 

- 

20,         . 

.24 

.07 

- 

- 

- 

- 

- 

- 

- 

- 

4.1 

40- 

- 

21,        . 

.24 

.08 

- 

- 

- 

- 

- 

- 

- 

4.1 

38* 

- 

22,         . 

.24 

.08 

63. 

993. 

1.700O 

.0200 

1.7200 

I  602.0 

.7000 

.6500 

4.2 

45* 

- 

23,        . 

.24 

.08 

- 

- 

- 

- 

- 

- 

- 

- 

4.3 

44« 

- 

24.        . 

.24 

.07 

- 

- 

- 

- 

- 

- 

- 

- 

t-* 

45* 

- 

25,        . 

- 

.09 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

28,        . 

.24 

.08 

63. 

1094. 

1.6900 

.0700 

1.7600 

600.0 

.8500 

.6000 

4.4 

45* 

- 

27,        . 

- 

.10 

- 

- 

- 

- 

- 

- 

- 

- 

4.7 

- 

- 

28,        . 

- 

.03 

- 

- 

- 

- 

- 

- 

- 

4.7. 

- 

- 

29.        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

30,        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Color,  none,  or  leM  than  0.1.    Very  slight  turbidity,  and  more  or  less  white  sediment.    Magnesium 
carbonate  In  samples  throughout  the  month. 

Korember  24.  —  Trap  put  on  outlet.    Nov.  28.  —  Outlet  closed  at  4.30  p.m.    River  high. 
Total  effluent  to  end  of  month,  352.24  gallons. 
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Filter  Tank  No.  ii  —  Continued. 

I>aeeiaber.  IMS. 


1= 

t: 
1' 

Rksiduk  ox 
evapokatiom. 

AXXONXA. 

c 
1 

6 

NiTKOOKK  AS 

1 

TKTfPSB- 

ATL'KK. 

Dam. 

i 

1 

1 

1^ 

i 
00 

55 

1 

1   i 

1. 

2, 

3.         . 

4. 

5,         . 

«. 

T.         . 

8. 

9.         . 
10, 
11. 

12.         . 
IS, 
14, 
1&, 
16, 
17, 
18, 
19, 
20, 
21. 
22, 
23. 
24. 

25.  - 

26.  . 
27, 

2S, 
20, 
30. 
31,         . 

0.24 
.24 

.24 
.24 

.24 

.24 
.24 

-.24 

.24 
.24 

.24 

0.80 
.08 
.07 
.09 
.07 
.06 
.07 
.09 
.07 
.08 
.06 
.01 
.10 

.16 
.08 
.10 
.03 

.26 

.10 

.08 

.10 

1 

.12 

.11 

.12 

.00 

.08 

.08 

.08 

97. 
93. 

63. 
70. 

73. 
90. 

1113. 
1060. 

1103. 
1157. 

1124. 
1087. 

1.8000 
1.5000 

1.6800 
1.6000 

1.6100 
1.6600 

.0500 
.0500 

.0680 
.0710 

.0490 
.1100 

1.8500 
1.6400r 

1.6180 
1.7310 

1.5590 
1.7700 

605.0 
598.0 

601.0 
598.0 

601.0 

600.0 
592.0 

.8000 

- 

1.0500 

.8600 
.7000 

.6500 

.7200 
.5000 

.8000 

1 
.9000 

1 
1.1000 

1.2000 

1 

1.3000 

~      1 

1.3500 
1.5000 

4.4 

A  A 

4.4 
4.4 

44' 
44* 

46* 
45* 

45- 

1    ' 
45' 

;,• 

45- 

42* 
45- 

45* 

Effluont  generally  colorlcsa,  nearly  clear,  and  with  some  white  sediment. 

Doccmber  1.  — Gullet  opened  at  8.17  A.M.  December  6.  —  Magnesium  carbonate  in  aample.  Decem- 
ber 14. — Outlet  tha wei  out.  December  14, 15  and  22.  —  A  thin  coating  of  ice  on  aarface.  December  I^ 
340  P.M.,  to  December  21, 1.58  p.m.  —  Outlet  closed.    River  high. 

Total  effluent  to  end  of  month,  354.98  gallonfl. 
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Fiiter  Tank  No,  11  —  Contbraed. 

Smmxuury,  1SM> 


1= 

1 

It 

<y 

KESIDCB  OS 
EVAPOXATIUN. 

Ammomia. 

1 

NITBOOKX  A8 

III 

Tbmpkb- 

ATUBB. 

Date. 

i 

1 

-< 

^ 

S 

• 

1 

1 

!• 

_ 

0.07 

_ 

. 

_ 

- 

- 

. 

• 

. 

- 

. 

2. 

0.24 

.08 

- 

- 

- 

- 

- 

- 

- 

- 

45* 

- 

3. 

- 

.06 

40. 

1000. 

1.5800 

.0550 

1.6360 

507.0 

.5500 

1.6000 

- 

- 

4, 

.24 

.07 

- 

- 

- 

- 

- 

- 

- 

- 

45* 

- 

6. 

- 

07 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

«. 

- 

06 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

7. 

- 

.06 

57. 

1086. 

1.5000 

.0750 

1.5750 

603.0 

.7000 

1.7000 

- 

- 

8. 

- 

.06 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

«, 

.24 

.06 

- 

- 

- 

- 

- 

- 

- 

45^ 

- 

10, 

- 

.06 

72. 

1051. 

1.5800 

.0570 

1.6170 

592.0 

.7000 

1.7000 

■- 

- 

11, 

- 

.05 

- 

1 

- 

- 

- 

- 

- 

- 

.- 

- 

12. 

- 

.01 

- 

- 

- 

- 

- 

- 

- 

- 

•- 

- 

13. 

- 

.13 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

14, 

.24 

.04 

83. 

1087. 

1.5600 

.0610 

1.6240 

591.0 

.7000 

2.0000 

44- 

- 

15, 

.24 

.05 

- 

- 

- 

- 

- 

- 

- 

- 

45- 

- 

16, 

- 

.12 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

17, 

- 

.05 

- 

- 

- 

- 

- 

- 

- 

- 

•- 

- 

18, 

- 

.05 

- 

- 

- 

- 

- 

- 

- 

- 

■- 

- 

M» 

.24 

.01 

- 

- 

- 

- 

- 

- 

- 

- 

44* 

- 

20. 

- 

.13 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

21. 

- 

.05 

60. 

1007. 

1.3400 

.0660 

1.4060 

590.0 

.6800 

1.9000 

:- 

- 

22, 

.24 

.01 

- 

- 

- 

" 

- 

- 

- 

- 

44* 

- 

28, 

- 

.00 

- 

- 

- 

- 

- 

- 

- 

- 

,- 

- 

21, 

- 

.08 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

25, 

.24 

.06 

- 

- 

- 

- 

- 

- 

- 

- 

'44* 

- 

26. 

- 

.03 

- 

- 

- 

- 

- 

- 

- 

- 

,- 

27, 

- 

.03 

- 

- 

- 

- 

- 

- 

- 

- 

•- 

- 

28. 

- 

.05 

87. 

1073. 

1.2800 

.0510 

1.3310 

574,0 

.4500 

1.7500 

- 

- 

29. 

- 

.06 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

30, 

.24 

.00 

- 

- 

- 

- 

- 

- 

- 

- 

46* 

- 

31. 

- 

.10 

- 

- 

- 

- 

- 

- 

- 

- 

' 

- 

- 

Efflnent  ffenrrully  colorless  and  nearly  clear,  bat  with  considerable  white  sediment. 
January  3. — Much  manfrancwe  In  fiamplc 
Total  effluent  to  end  of  month.  356.79  gallons. 
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FiUer  Tank  No.  11  —  Continued. 

rehnmry.  1SS». 


i 
1 

ii 

¥ 

1^ 

Residub  ox 
evapohation 

Ammokia. 

i 

1    KiTKOOBK  A9 

11 

TSMTKR- 
ATUEK. 

Datk. 

i 

i 

! 
i   1 

< 

"i 

i        ^ 

1 

1 

•s 

1. 
2, 

8,         . 
4,         . 

«, 

T*        . 
8,         . 
», 
10, 

11,         . 

12, 

13. 

14,         . 

16,         . 

16, 

IT,         . 

18, 

1»,         . 

20,  . 

21,  . 

22,  . 
28, 

24,        . 
26,         . 
26,         . 
27, 
28, 

.24 
.24 
.24 
.12 
.24 

.24 
.24 

.06 
.06 
.02 
.05 
.07 
.02 
.00 
.01 
.16 
.02 
.06 
.05 
.06 
.03 
.05 
.08 
.05 
.05 
.03 
.00 
.00 
.13 
.01 
.00 
.00 
.10 
.14 
.06 

80. 
53. 
40. 
60. 

1013. 
1040. 
1083. 
1030. 

1.4200 
1.6100 
1.4200 
1.4900 

.0610 
.0590 
.0450 
.0600 

1.4810 
1.5600 
1.4650 
1.6500 

565.0 
558.0 
577.0 
552.0 

.6000 
.5000 
.3000 
.3600 

1.9000 
2.0000 
1.8000 
2.0000 

1 

* 

44* 

'    44' 

1     " 
46- 

45* 

45* 

4o* 
45* 

Effluent  generally  colorless  and  nearly  clear,  but  with  considerftble  vrhite  scdimeDU 
Total  effluent  to  end  of  month.  358.15  galloua. 
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Filter  Tank  No.  11  —  Continued. 


Mareli,  IftM. 

1. 

15 

II 

11 

RK8IDUK  OK 

Evaporation. 

, 

NITBOORH  A 8 

Tbupbb- 

ATURK. 

Bati-. 

§1 

1 

2 

1 

"i 

1 

1 

S 

1.8000 

.0100 

.0050 
.0030 

.0040 
.0030 

.0015 

1 

1,. 

2..        .         .        . 

3,.        .         .        . 

4,. 

5 

«.  .         .         .         . 

8 

9..         .        .        . 
10.. 

11 

12..         .        .        . 
13,.         .        .        . 

14 

15..         .        .        . 

M 

17 

18..         .        .        . 
19..         .        .        . 
20,.         .        .        . 

21 

22 

23,.         .        .        . 
24..        .        .        . 
25..        .        .        . 

28 

27..        .        .        . 
28,.        .        .        . 

29 

80,.        .        .        . 

M 

3.00 
3.00 
3.00 
3.00 

8.00 
3.00 
8.00 
3.00 
8.00 
8.00 

3.00 
3.00 
8.00 
3.00 
3.00 
3.00 

3.00 
3.00 
3.00 
3.09 
8.00 
8.00 

.06  1 

.06 

.06 

2.69 
3.03 
2.99 
2.96 

.38 
2.66 
2.99 
3.03 
3.00 
2.98 
2.99 

.38 

2.65 

3.02 

2.98 

3.02  ' 
1 
3.03 

2.97 

.41  ' 

1 

2.60  , 
2.96 
2.98 
2.94 
3.01 
2.94 
.38 

67.00 

3.20 

3.00 
3.20 

0.90 
2.40 

1.70 
2.10 

988.00 

30.10 

27.90 
19.40 

19.00 
15.90 

17,00 
15.00 

1 1.8700 

1 

1 

1  .0700 

1 

.0200 
.0600 

.0120 
.0040 

.0050 
.0028 

.0570 

.0220 

.0200 
.1100 

.0170 
.0230 

.0280 
.0166 

.      1 

1 

1.4270 

.0920 

.0400 
.1700 

.0290 
.0270 

.0330 
.0194 

540.00 

0.52 

4.00 
1.03 

.72 
.65 

.60 

- 

.40 

.3000 

.2500 

.5000 
.6500 

.8000 
1.0000 

.9000 
1.0000 

35* 
36* 
34* 
40* 

40' 
40- 
41" 
89* 
40* 
39* 

41* 
43* 
41- 
42* 
40- 
41* 

43* 
40* 
44- 
43- 
46' 
40* 

44- 
44* 
44- 

41- 

43- 
AT 
43- 
46- 
44* 
44- 

44- 
45- 

45- 
43- 
46* 

4r 

47* 
46* 
46- 
47- 
47* 
46- 

Sfflnent  was  generelly  colorless,  nearly  clear,  and  with  very  slight  sediment. 

March  2.  — Peat  from  Baugus  Manbes,  put  on  in  September,  1888.  removed  from  surface  of  sand. 
4.— Sand  washed  by  running  city  water  through  the  tank.  6  to  8.  — Sewage  applied.  9  to  31. —  City 
water  with  peptone  was  applied.  The  solution  contained  1.00  part  per  100.000  of  albuminoid  ammonia, 
or  1.50  parU  of  nitrogen.    Total  efflaent  to  end  of  month.  421.30  gallons. 
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FILTRATION  OF  SEWAGE. 


Fitter  Tank  No.  11  —  Continued. 


1 

k 
11 

Si 
11 
It 

Rkhidck  on 

EVAPORATI0!r. 

Ammonia. 

Chlortne. 

NlTROQKN  AS 

'  Tkmpeb- 

ATCK£. 

Date. 

it 

h 

1 

< 

'3 

1 

1 

1 

i    . 
1 
40* 

s 
it 
3 
C 

1..       .       .       . 

.3.00 

2.57 

1.10 

16.00 

.0018 

.0138 

.0156 

1 
;.0.33 

.9000 

.0014 

43- 

2 

3.00 

2.98 

- 

- 

- 

- 

- 

- 

- 

- 

41' 

43- 

3 

3.00 

2.92 

- 

- 

- 

- 

- 

- 

- 

- 

43" 

45' 

4 

3.00 

2.93 

1.10 

13.90 

.0024 

.0156 

.0180 

0.30 

1.1000 

.0010 

43*     45- 

6,.        .        .        . 

3.00 

3.04 

- 

- 

- 

- 

- 

- 

- 

41*   4r 

e 

3.00 

3.00 

- 

- 

- 

- 

- 

- 

- 

1 

41"     46' 

T 

- 

.88 

- 

- 

- 

- 

- 

- 

- 

.  1 

- 

- 

8,.        .        .        . 

3.00 

2.60 

2.10 

14.80 

.0014 

.0162 

.0176 

0.32 

I. 0000 

.0024 

44' 

47 

9,.        .        .        . 

3.00 

3.03 

- 

- 

- 

- 

- 

- 

- 

43- 

4sr 

10,.        .        .        . 

3.00 

2.98 

- 

- 

- 

- 

- 

- 

- 

- 

43"     50- 

11 

3.00 

3.04 

1.00 

15.20 

- 

- 

- 

0.28 

1.200O 

.0007 

45'-    - 

1 

12 

3.0O 

3.04 

- 

- 

- 

- 

- 

- 

- 

- 

50"'  53* 

13 

3.00 

2.95 

- 

~      1 

- 

- 

- 

- 

- 

- 

45-     iS" 

14 

- 

.36  i 

- 

- 

- 

- 

- 

- 

-      1 

-        - 

M 

3.00 

2.60 

1.20 

14.00 

.0010 

.0152 

.0162 

0.28 

1.2000 

.0012 

4yj4r 

1« 

3.00 

2.99 

- 

- 

- 

- 

- 

- 

- 

- 

46'     4S* 

17 

8.00 

3.00  , 

- 

- 

- 

- 

- 

1 

- 

- 

4r   «• 

18 

3.00 

3.00 

3.10 

14.20 

.0010 

.0146 

.0156 

0.24 

1.1500 

.0008 

46'     48* 

19,.        .        .        . 

3.00 

3.08 

- 

-      i 

- 

- 

- 

1      - 

- 

- 

53*     55* 

20 

3.00 

2.99 

- 

- 

- 

- 

- 

- 

- 

~      1 

«•  - 

21 

- 

.39 

- 

- 

- 

. 

- 

- 

1 

- 

22,.        .        .        . 

3.00 

2.57 

2.00 

15.40 

.0018 

.0184 

.0202 

^0.84 

1.2000 

.0010 

45' 

61* 

23,.        .        .        . 

3.00 

2.95 

- 

- 

- 

- 

- 

1      _ 

- 

-    1 

48" 

- 

24 

3.00 

3.02 

- 

- 

- 

- 

- 

1      - 

- 

■     1 

\r 

5? 

25 

3.00 

3.02 

0.70 

16.00 

.0012 

.0162 

.0174 

0.27 

1.4000 

.0004  . 

62- 

W 

26,.        .        .        . 

3.00 

3.00 

- 

- 

- 

- 

- 

- 

- 

- 

52* 

W 

27,. 

3.00 

2.97 

- 

- 

- 

- 

- 

- 

- 

61' 

54* 

28..        .        .        , 

- 

.39 

- 

- 

- 

- 

- 

1 

- 

-      1 

- 

- 

29 

3.00 

2.65 

2.70 

14.40 

.0014 

.0158 

.0172 

0.31 

1.4000 

.0007 

54- 

«• 

30,. 

3.00 

3.01 

- 

- 

- 

- 

I      - 

" 

- 

53* 

5<r 

1- 

Effluent  oolorleM  and  generally  clear,  with  very  Httle'or  no  sediment. 

The  solution  applied  contninod  1 .00  part  wp-r  100,000  of  albuminoid  ammonia  to  1.50  parts  nitrogen. 

Total  effluent  to  end  of  month,  498.75  gallons. 
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Filler  Tank  No.  ii— Continued. 
Kmr.  law. 


^ 

i« 

^  = 

a 

^5 

C   S5 

>,s 

>.'J 

22  3 

^A 

cz 

§5 

§5 

O' 

^      1 

8.00 
3.00 
8.00 
3.00 


2.09 
3.03 
2.97 
3.01 
.89 


Kksiduk  on 
Evaporation. 


1.40 


13.20 


AMJCOKtA. 


.0008 


.0144 


I  I 


Nitrogen  as 


1.2000 


.0004 


Tkmpkr- 

ATURE. 


55* 


64* 


8.00 
3.00 
3.00 
3.00 
3.00 
3.00 


2.66 
2.94 
3.05 
3.02 
8.04 
2.92 


2.20 


13.80 


.0026 


.0014 


.0158 


.0170 


.0172 


0.24 


0.32 


1.2000 


.0004 


.0002 


3.00 
3.00 
3.00 
3.00 
3.00 
3.00 


.38 
2.68 
2.93 
3.03 
3.08 
2.98 
3.01 


2.20 


2.10 


13.10 


.0032 


.0012 


.0174 


3.00 
8.00 
3.00 


.38 
2.58 
3.01 
3.04 


2.60 


14.00 


3.00 
3.00 
3.00 


2.08 

3.00 

2.05 

.35 


0.27 


1.4000 


1.2000 


.0006 


.0002 


.0030 


.0150 


.0180 


1.4000 


68" 
hT 
59* 
63" 
65" 
64* 


62* 

eo» 
OS- 
66* 
60* 


65* 
65* 
63* 
62" 
63* 


3.00 
3.00 
3.00 
3.00 
3.00 


12.70 


3.02 
2.97  ! 
3.00 
3.05  i 


.0010 


.0028 


.0136 


0.32 


1.2000 


.0004 


.0005 


69* 


65* 
61* 
61- 
60* 


«2»      65- 


Efflaent  oolorless,  and  generally  clear  and  free  from  sediment. 

The  solnttcn  applied  contained  1.00  part  per  100,000  of  albuminoid  ammonia,  or  1.50  parts  nitrogen. 

Total  effluent  to  end  of  month,  579  81  gallons. 
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FiUer  Tank  No.  11  ~-  Continaed. 

JTute.  188*. 


1 

<y 

O  4 

RKRlDL'lf  ON 
KVAPORATION. 

AXMOKIA. 

1 

1 

NiTBOGKH  Xa  1 

TlMVKR- 

DATS. 

|! 

h^ 

1 

< 

i 

1 

CD        ' 

8 

g  . 

1 

1,. 

3.00 

2.96 

- 

~ 

« 

„ 

« 

. 

„ 

_ 

1 

61*  j  66- 

2..        . 

- 

.38 

- 

- 

- 

- 

- 

- 

- 

8..        . 

3.00 

2.61 

- 

- 

- 

- 

- 

- 

- 

w  1  f^ 

4..        . 

3.00 

2.95 

- 

- 

- 

- 

- 

- 

- 

- 

W     6i* 

6,.        . 

3.00 

2.9S  1 

- 

- 

- 

- 

- 

- 

- 

'   62*     6C 

«..        . 

3.00 

2.95 

2.60 

14.20 

.0016 

.0060 

.0076  ' 

.33 

1.4000 

.0003 

1   61*     67* 

7..        . 

3.00 

2.07 

- 

- 

- 

- 

-      1 

- 

- 

- 

1   61'     W 

8.. 

3.00 

2.93 

- 

- 

- 

- 

- 

- 

- 

- 

60'     W 

9,. 

- 

.40 

- 

- 

- 

- 

- 

- 

- 

- 

10.. 

3.00 

2.63 

2.30 

14.40 

.0028 

.0120 

.0148 

.36 

1.4000 

.0005 

65*  ,  Tl* 

11,.        , 

- 

.80 

- 

- 

- 

- 

- 

- 

- 

~ 

-       73- 

12.. 

3.00 

2.36 

- 

- 

- 

- 

- 

- 

- 

W  ;  - 

18,.       . 

8.00 

3.15 

- 

- 

- 

- 

- 

- 

- 

- 

71- !  :r 

14,. 

3.00 

2.98 

- 

- 

- 

- 

- 

- 

- 

- 

ec    TS' 

16.. 

3.00 

3.01 

- 

- 

- 

- 

- 

- 

- 

- 

64'    :r 

16.. 

- 

.38 

- 

- 

- 

- 

- 

- 

- 

- 

1 
! 

17,. 

3.00 

2.67 

- 

- 

- 

- 

- 

- 

- 

- 

69"    7r 

18,. 

3.00 

2.84 

- 

- 

- 

- 

- 

. 

- 

- 

«•,«• 

19.. 

3.00 

2.93 

- 

- 

- 

- 

- 

- 

- 

- 

63* 

6f 

20,. 

3.00 

3.01 

2.30 

12.80 

.0010 

.0138 

.0148 

.86 

1.6000 

.0002 

65' 

70* 

21.. 

3.00 

2.99 

- 

- 

- 

- 

- 

- 

- 

- 

er   :*• 

22.. 

3.00 

2.93 

- 

- 

- 

- 

- 

- 

- 

- 

er  _  7^- 

2a.. 

- 

.38 

- 

- 

- 

- 

- 

- 

- 

- 

i 

24,. 

3.00 

2.52 

2.50 

13.20 

.0018 

.0148 

.0166 

.36 

2.1000 

.0003 

65'    es* 

26.. 

3.00 

2.96 

- 

- 

- 

- 

- 

- 

- 

_ 

*" 

66-,  6r 

28.. 

3.00 

2.99 

- 

- 

- 

- 

- 

- 

- 

- 

,  6r    «• 

27,.       , 

3.00 

2.97 

2.80 

11.60 

.0022 

.0164 

.0186 

.43 

1.1000 

.0002 

71-     V 

1 

28.. 

3.00 

2.99 

- 

- 

- 

- 

- 

- 

- 

- 

89*     74* 

29,. 

3.00 

2.99 

- 

- 

- 

- 

- 

- 

- 

- 

7y   :y 

30,. 

- 

.35 

- 

- 

- 

-» 

- 

- 

- 

~ 

1  ' 

Effluent  colorlesB,  and  generally  clear  and  free  from  Bcdlment. 

The  solution  applied  contained  1.00  part  per  100.000  of  albuminoid  ammonia,  or  l.fiO  parte  nitrogeo. 

Total  effluent  to  end  of  month,  651.26  gallons. 
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Filler  Tank  No.  11  —  Continued. 

Jmtj,  UM. 


Ii 
1' 

IJ 
I* 

Bksidur  on 

BVAPOSATIOK. 

Ammonia. 

1 

1 

1 

NITROOBM  Afl 

Tkmpkb- 

ATURK. 

I>ATX. 

i 

3 

I 

1 

Em 

1 

< 

1 

1 

S 

1 

71* 
69- 
70- 
72* 
71- 
71' 

72* 
70- 
68* 
67- 
71- 
73* 

65* 
67* 
69* 
70* 
70* 

6r 

70* 
69* 
68* 
70* 
70* 
69* 

72- 
72* 

70" 

1 

1 

2..             .          .           . 

3 

4 

5..         .        .        . 

«, .      .     .     . 

7 

« 

»,  .         ... 

10 

11 

12,.         .        .        . 
13,.         .         .        . 

14 

15 

18,.         .         .        . 

17,. 

18,.        .         .        . 

M, . 

20 

21,  . 

a 

23,  .        .      •  .        . 
24.. 

25 

28 

27,.        .         .        . 

28 

29 

30 

81 

3.00 
3.00 
3.00 
8.00 
3.00 
3.00 

3.00 
8.00 
3.00 
3.00 
3.00 
8.00 

3.00 
3.00 
3.00 
3.00 
3.00 
3.00 

3.00 
3.00 
3.00 
3.00 
3.00 
3.00 

8.00 
8.00 
8.00 

2.54 
2.05 
3.00 
2.99 
2.84 
2.04 

.37 
2.40 
2.92 
2.93 
3.01 
2.88 
8.00 

.35 
2.49 
2.98 
2.95 
2.95 
2.94 
2.81 

.37 
2.60 
2.85 
2.95 
2.94 
2.97 
2. SO 

.40 
2.68 
2.95 
2.96 

2.30 

1.90 
1.70 

2.40 
3.10 

1.60 
2.60 
2.40 

14.50 

28.80 
31.00 

32.40 
32.00 

31.60 
30.60 
28.80 

.0046 

.0052 
.0060 
.0037 

.0040 
.0032 

.0032 
.0020 

.0150 

.0144 
.0138 
.0118 

.0118 
.0116 

.0126 
.0082 

.0196 

.0196 
.0198 
.0155 

.0158 
.0148 

.0158 
.0102 

1 

1 

!    - 

-    1 
5.73 

1      " 
15.69 
1 
5.52  1 

5.54  1 

5.54 

6.42 

1.6300 

2.1000 
2.4000 
2.7667 

2.7000 
2.8000 

2.7000 
2.2000 
2.1000 

.0004 

.0005 
.0012 
.0005 

.0008 
.0004 

"      1 
.0004  ' 

.0004 

76* 
73* 

74- 
73- 
72* 

74* 

73* 
70- 
68* 
66- 
70* 
73" 

65* 
67* 
67* 
70- 
72- 

eo- 

71* 
71* 
70* 
68- 
72- 
68* 

75* 
74* 
73- 

Effluent  colorless,  and  generally  clear  and  free  from  sediment. 

A  solution  of  ammonium  chloride,  containing  2.00  parts  per  100,000  of  nitrogen,  with  its  equivalent 
of  sodlnm  carbonate,  applied. 

Total  effluent  to  end  of  month.  730.16  gallons. 
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Filler  Tank  No.  11  —  Continued. 

Aocoat,  ISM. 
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1 
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i 

N,T.OO..AS^---- 
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|i 

1 

1 

30 

i 

OQ 

i 
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1,     .       .       . 

3.00 

2.96 

_ 

- 

. 

. 

- 

- 

- 

-    i  :>•    . 

2, 

3.00 

3.00 

2.20 

28.00 

.0016 

.0130 

.0146 

5.42 

1.8000 

.0002     :tr    Tr 

3, 

3.00 

2.95 

- 

- 

- 

- 

- 

- 

- 

:y   rr 

4, 

- 

.88 

- 

- 

- 

- 

- 

- 

- 

-    I   .     - 

ft.     . 

3.00 

2.54 

- 

- 

- 

- 

- 

- 

- 

-      !i  69-     Vf 

6,     . 

3.00 

2.96 

- 

- 

- 

- 

- 

- 

- 

-     '  7ij»   Tr 

7, 

3.00 

2.93 

- 

- 

- 

- 

- 

- 

- 

- 

70'   nr 

8. 

3.00 

2.86 

2.10 

36.80 

.0012 

.0074 

.0086 

9.72 

2.2500 

.0004 

&r   :r 

% 

3.00 

3.65 

- 

- 

- 

- 

- 

- 

- 

er   :? 

10. 

3.00 

2.95 

- 

- 

- 

- 

- 

- 

- 

-  ii  ^;  ^; 

11. 

- 

.84 

- 

- 

-    • 

- 

- 

- 

- 

12. 

3.00 

2.50 

- 

- 

- 

- 

- 

- 

- 

-      |,   68'     «? 

.0004 !  fb*   sr 

13, 

3.00 

2.97 

12.00 

2028.00 

1.0000 

.0400 

1.0400 

1133.00 

.0100 

14, 

3.00 

2.91 

- 

- 

- 

- 

- 

- 

- 

ec   c 

15. 

3.00 

2.96 

- 

- 

- 

- 

- 

- 

- 

ee*   «• 

18. 

3.00 

2.99 

- 

- 

-. 

- 

- 

- 

- 

-      ,    68-     63" 

1 

IT. 

3.00 

8.12 

- 

~ 

- 

- 

- 

- 

- 

-     '  6S-   a* 

18. 

- 

.35 

- 

- 

- 

- 

- 

- 

- 

-       -     - 

19. 

3.00 

2.65 

- 

- 

1.6000 

.0400 

1.5400 

1291.00 

.0400 

.0003  1 

6s*   tsr 

20, 

3.00 

3.00 

- 

- 

- 

- 

- 

- 

- 

""      1 

sr   9f 

21, 

3.00 

2.98 

- 

- 

- 

- 

- 

- 

- 

-      i'  GSr     TC 

1 

22, 

3.00 

2.98 

- 

-      . 

- 

- 

- 

- 

- 

1 

70-   :r 

23, 

3.00 

2.87 

- 

- 

- 

- 

- 

- 

- 

W    TO" 

2*. 

3.00 

3.08 

- 

- 

- 

- 

- 

- 

- 

.      ^.<>r 

25, 

- 

.30 

- 

- 

- 

- 

- 

- 

- 

28. 

3.00 

2.60 

- 

- 

1.9000 

.1400 

2.1000 

1291.00 

.0000 

.0016  !    68*     «3* 

li 

27, 

3.00 

3.02 

- 

- 

- 

- 

- 

- 

- 

-       1  6S-     e- 

28, 

3.00 

3.00 

- 

- 

- 

- 

- 

- 

- 

Hi'     6f 

29, 

3.00 

2.93 

- 

- 

1.2200 

.1000 

1.3200 

449.00 

'    .0000 

.2400  '  er   fff 

30, 

8.00 

2.97 

- 

- 

- 

- 

- 

- 

- 

-     \  (sr'  ^^ 

31, 

3.00 

2.92 

- 

- 

- 

- 

- 

- 

-         «•    T8* 

EflBucnt  clear  and  colorless,  and  generally  free  from  sediment. 

The  solution  applied  contained  2.0<>  parts  per  100,000  of  nitrogen,  and  from  Angnst  8  to  Aogort  38 
some  common  salt  was  added.    The  amount  Is  shown  by  the  chlorine  of  the  effluent. 
Total  effluent  to  end  of  month,  810.84  galloni. 
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F'Uer  Tank  No.  il  —  Continued. 

Hcytmnher,  IM*. 
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1 

NiTROOBjr  A8 
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i 
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"i 

1 

s 

i 

1 

1..        . 

- 

.87 

- 

- 

- 

- 

- 

. 

'- 

_ 

. 

- 

2,.       . 

3.00     2.50 

3.20 

125.20 

.1100 

.0500 

.1600 

44.10 

2.2000 

.0650 

67- 

69- 

3.. 

3.00 

3.00 

- 

- 

- 

- 

- 

- 

- 

- 

69* 

70* 

4,.      . 

3.00 

2.92 

- 

- 

- 

- 

- 

- 

- 

- 

69* 

70- 

5,.      . 

3.00 

2.93 

- 

- 

.0160 

.0108 

.0268 

11.49 

3.3000 

.0020 

69- 

60* 

6,. 

8.00 

2.04 

- 

- 

- 

- 

- 

- 

-. 

- 

70' 

74- 

7,. 

8.00 

2.90 

- 

- 

- 

- 

- 

- 

- 

- 

68* 

70* 

8.. 

- 

.32 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

9. - 

.     3.00 

1 

2.50 

- 

- 

.0080 

.0114 

.0194 

7.46 

2.8000 

.0003 

67* 

60« 

10,. 

.  '  3.00 

1 

2.04 

- 

- 

- 

- 

- 

- 

- 

- 

68* 

67* 

11.. 

.  j  8.00 

2.93 

- 

- 

.0074 

.0090 

.0164 

73.20 

.9500 

.0040 

66» 

65* 

12.. 

.  '  3.00 

2.94 

- 

- 

- 

- 

- 

- 

- 

- 

67* 

6e» 

13.. 

.  i 

8.00 

3.05 

- 

- 

.0116 

.0082 

.0198 

123.70 

.6000 

.0004 

67* 

65* 

14,. 

3.00 

2.98 

- 

- 

- 

- 

- 

- 

- 

67* 

6r 

15.. 

- 

.85 

- 

- 

- 

- 

- 

- 

- 

- 

- 

16.. 

3.00 

2.62 

18.00 

252.00 

.0138 

.0078 

.0216 

124.20 

.2500 

.0004 

70* 

71* 

17.. 

3.00 

2.97 

- 

- 

- 

- 

- 

- 

- 

- 

69' 

72- 

18.. 

3.00 

2.90 

- 

- 

.0096 

.0116 

.0212 

126.80 

.1500 

.0004 

68- 

68' 

19,. 

. 

3.00 

2.92 

- 

- 

- 

- 

- 

- 

- 

- 

64* 

62' 

20.. 

. 

3.00 

2.97 

- 

- 

- 

- 

- 

- 

- 

- 

65- 

62- 

21.. 

. 

3.00 

2.89 

- 

- 

- 

- 

- 

- 

- 

- 

66" 

62* 

22.. 

. 

- 

.33 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

23.. 

3.00 

2.56 

- 

- 

.0066 

.0062 

.0128 

125.70 

.9000 

.0003 

te« 

SO* 

24.. 

3.00 

2.98 

- 

- 

- 

- 

- 

- 

- 

- 

62* 

60* 

25.. 

3.00 

3.00 

- 

. 

- 

^ 

- 

- 

- 

- 

64* 

or 

26,. 

3.00 

2.98 

- 

- 

.0054 

.0066 

.0120 

127.10 

1.3400 

.0002 

64- 

63* 

27.. 

8.00 

2.03 

- 

- 

- 

- 

- 

- 

- 

- 

63- 

60* 

28,. 

3.00 

2.92 

- 

- 

.0054. 

.0096 

.0150 

143.00 

1.2000 

.0004 

61* 

oor 

29,. 

- 

.35 

- 

- 

- 

- 

- 

_ 

- 

- 

1 

- 

30,. 

3.00 

2.00 

- 

- 

- 

- 

- 

- 

- 

1 

60* 

EfBaent  clear  and  colorlese,  and  generally  free  from  sediment. 

The  solution  applied  contained  2.00  parte  per  100,000  of  nitrogen,  and  after  September  0  some  common 
salt  was  added,  the  amonnt  of  the  latter  being  regularly  Increased,  as  shown  by  the  chlorine  of  the 
efSnent. 

Total  efflnent  to  end  of  month,  884.48  gallons. 
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FILTRATION  OF  SEWAGE. 
Filter  Tank  No.  11  —  Continued. 
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1 
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2,.        .        .        . 

3.00 

2.90 

- 

- 

- 

- 

- 

- 

- 

- 

62'     61* 
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3.00 

2.95 

- 

- 

- 

- 

- 

- 

- 

- 

«0»     59* 

4,.        .        .        . 

3.00 

2.06 

- 

- 

- 

- 

- 

- 

- 

- 

62"     W 

6..        .        .        . 

3.00 

2.87 

- 

- 

.0052 
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218. 

1.2600 

.0002 

59*     55- 

« 

- 

.38 

- 

- 

- 

- 

- 

- 

- 

-    1    - 

7 

3.00 

2.57 
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- 

- 

- 

- 

- 

- 

- 
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8 
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- 

- 

- 

- 
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- 
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9 
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- 

- 

- 
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- 
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10 
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- 

- 

- 

- 
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- 

- 

57    sr 

11 

3.00 

2.97 

- 

- 

- 

- 

- 

- 

- 

- 

55*    cr 
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3.00 

2.97  1 

- 

- 
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295. 

.9000 

.0000  ' 

5r  '  «• 

13 

1 
.35 

- 

- 

- 

- 

- 

- 

- 

- 

-  1  - 

14 

3.00 
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- 

- 

- 

- 

- 

- 

- 
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16 
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3.00 
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- 
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- 

1 
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2.94 

- 
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20 

- 
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-       - 

21,. 
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- 
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22 
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23 
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- 
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- 
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2.99 

- 

- 

- 

- 

- 

- 

- 
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25 
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3.02 
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- 
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29 
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sr 
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51* 

fff 

31,. 

8.00 

8.01 

- 

- 

- 

- 

- 

- 

- 

- 

53* 

sr 

Effluent  clear  and  colorless,  and  generally  free  from  sediment.  The  solntion  applied  contained  2.G0 
parts  per  100,000  of  nitrogen,  and  an  amount  of  common  salt  increased  regularly,  as  shown  by  the 
chlorine  of  the  effluent. 

Total  effluent  to  end  of  month,  064.16  gallons. 
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FiUer  Tank  No.  11  —  Conanued. 

If«TeBib«r,  IMA. 
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- 
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- 
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3.00 

2.86 

- 

- 

- 

- 

- 

- 

- 

- 

51- 
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.0010 

49* 

48* 

17,. 
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.8000 
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SO- 

51- 

24,. 

- 

.40 

- 

- 

- 

- 

- 

- 

- 

- 

25.. 
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1 
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3.00 

3.03 
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- 

- 

- 

- 

- 
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29,. 

3.00 
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1 

- 

- 

- 
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- 

- 

- 
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8.00 

2.95 

- 

- 
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.0352 
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.6500 

.0002 

46* 

44* 

Effluent  clear  ahd  colorleas,  and  free  from  ardiment. 

The  BoluUon  applied  contained  2.00  parts  per  100,000  of  nitrogen,  and  an  amount  of  common  salt 
iDcrearod  regularly,  as  shown  by  the  chlorine  of  the  effluent. 
Total  effluent  to  end  of  month,  1041.83  gallons. 
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Filler  Tank  No.  11  —  Continued. 
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Effluent  clear  and  colorleas,  and  free  from  sediment. 

The  solution  applied  contained  2.00  parts  per  100,000  of  nitrogen,  and  an  amount  of  common  ull 
increased  regularly ,  as  shown  by  the  chlorine  of  the  effluent. 
Total  effluent  to  end  of  month,  1120.18  gallcni. 
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Fitter  Tank  No.  11  —  Continued. 
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Effloent  clear  and  ffenerally  colorleaa,  and  free  from 
The  solution  applied  contained  2.00  parts  per  100, 
bcrra«ed  regularly  till  January  7,  aaer  which  less  wi 
Toul  effluent  to  eud  of  nM>nth,  1202.26  gallons. 


sediment. 

,000  of  nitrogen,  and  an  amount  of  common  salt 
\M  added,  as  shown  by  the  chlorine  of  the  effluent. 
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Number  of  Bacteria  found  in  a  Cubic  Centimeter  of  Effluent  from  Tank  No.  11. 
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FILTEE    TANK    No.   3. 


Peat. 

This  was  one  of  the  large  tanks  in  the  field,  having  an  area  of  one 
two-hundredth  of  an  acre.  It  had  underdrains,  with  the  usual  depth 
of  about  seven  inches  of  gravel  and  coarse  sand ;  above  which  it  was 
filled  with  a  depth  of  five  feet  of  peat  taken  from  a  cultivated  field. 
This  peat  was  nearly  all  vegetable  matter,  but  contained  a  little  mud. 
The  top  of  the  peat-bed  which  had  been  cultivated  was  removed,  and 
the  tank  filled  to  the  depth  of  four  feet  from  the  undisturbed  lower 
layers ;  after  which  one  foot  in  depth  of  the  original  top  layer  was 
put  on.  This  material  was  at  first  completely  saturated  with  water, 
by  cutting  it  up  fine,  and  sprinkling  it  into  water  standing  in  the 
tank.  The  space  occupied  by  the  peat  and  water  was  about  8,500 
gallons. 

After  the  outlet  was  opened,  in  one  week  about  700  gallons  of 
water  flowed  out  of  the  peat,  which  settled  into  the  space  of  about 
8,000  gallons.  The  peat  then  contained  probably  as  much  as  6,000 
gallons  of  w^ater. 

The  quantity  flowing  out  decreased  in  a  month  to  about  25  gallons 
a  day,  or  at  the  rate  of  5,000  gallons  per  acre  per  day,  although  the 
surface  was  kept  covered  with  water.  At  the  end  of  one  and  a  half 
months,  on  Dec.  2(5,  1887,  sewage  was  applied,  and,  through  the 
following  twenty-two  months,  was  nearly  all  the  time  kept  continu- 
ally on  the  surface. 

Before  sewage  was  applied,  the  chlorine  of  the  effluent  was,  at  one 
time,  1.46  parts  per  100,000,  —  from  salt  which  was  originally  in 
the  peat ;  but,  when  1,600  gallons  of  water  had  been  drawn  out  of 
the  peat,  the  chlorine  was  reduced  to  1.18  parts  per  100,000, — 
which  was  the  amount  of  chlorine  when  sewage  was  first  applied  to 
the  tank.     The  chlorine  was  no  higher  than  this  five  months  later,  — 
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at  the  end  of  May,  —  when  about  1,500  gallons  of  effluent  had  flowed 
from  the  tank  after  sewage  was  first  applied.  From  this  time  for- 
ward the  chlorine  of  the  effluent  increased  slowly  ;  though  it  was  not 
until  the  latter  part  of  August,  1889,  twenty  months  after  sewage 
was  first  applied,  that  the  chlorine  of  the  effluent  became  equal  to 
that  of  the  chlorine  of  the  sewage  first  applied.  At  this  time  a  little 
more  than  5,000  gaHons  of  effluent  had  flowed  from  the  tank  after 
the  first  application  of  sewage. 

Up  to  this  time  it  is  evident  that  a  large  but  decreasing  fraction 
of  the  effluent  was  from  the  water  with  which  the  peat  was  saturated 
when  filled  into  the  tank  ;  and  that,  although  a  very  little  less  than 
one  per  cent,  of  the  effluent  came  from  sewage  at  the  end  of  five 
months  after  its  application,  it  was  about  eighteen  months  after  it 
was  first  applied  before  the  effluent  could  be  said  to  be  coming  from 
the  sewage ;  that  is,  this  bed  of  saturated  i>eat,  five  feet  in  depth, 
and  completely  underdrained,  when  kept  continually  covered  with 
sewage,  was  so  nearly  impervious  to  liquid  that  it  required  about 
eighteen  months  for  any  body  of  sewage  applied  to  the  surface  to 
reach  the  outlet.  The  rate  of  flow  through  the  outlet  during  this 
time  varied  from  about  13  giillons  a  day  to  6.5  gallons,  or  from 
2,600  gallons  per  acre  per  day  to  1,300  gallons  per  acre  per  day; 
and  the  average  quantity,  for  the  whole  twenty-two  months  in  which 
sewage  was  applied,  was  about  1,700  gallons  per  acre  per  day,— 
which  is  only  about  one-half  of  the  average  daily  rainfall  upon  the 
same  surface. 

Chemical  analyses  of  the  effluent  were  made  once  a  week,  or 
oftener,  during  the  first  year,  and  have  been  continued  at  longer 
intervals  during  the  second  year.  As  the  quality  of  the  effluent 
varied  but  little  through  the  whole  time,  it  is  thought  to  be  unneces- 
sary to  give  the  tables  of  daily  observations,  with  the  weekly 
analyses;  but  there  have  been  placed,  in  the  following  tahle,  the 
monthly  averages  of  the  results  of  analyses  of  the  effluent,  together 
with  the  average  daily  quantity  of  effluent,  and  the  nunaber  of 
bacteria  found  in  a  cubic  centimeter  of  the  effluent. 


Digitized  by  VjOOQ IC 


FILTRATION  OF  SEWAGE. 


533 


Monthly  Averages  of  Daily  Results  with  Tank  No,  3. 
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During  the  first  year  the  nitrates  increased  from  0.018  parts  to 
0.048  paits.  The  free  ammonia  varied,  in  the  first  four  months, 
from  0.0023  parts  to  0.0210  parts,  and  was,  at  the  end  of  the  year, 
0.0155  parts;  averaging,  for  the  year,  0.0083  parts.  The  albumi- 
noid ammonia  was  nearly  constant  throughout  the  fir^^t  year,  vary- 
ing from  0.0238  parts  to  0.0299  parts,  and  averaging,  for  the  year, 
0.0271  parts. 

In  the  second  year  the  results  changed  gradually  —  as  shown  by 
the  table  —  from  those  just  given  to  the  following,  which  are  the 
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mean  results  during  the  last  three  months,  when  the  effluent  may 
be  regarded  as  coming  from  the  sewage.  In  these  months  the 
nitrates  varied  from  0.070  parts  in  August  to  0.037  parts  in 
October,  and  averaged  0.055  parts.  The  free  ammonia  averaged 
0.0054  parts,  the  albuminoid  ammonia  averaged  0.0365  parts;  and 
the  sum  of  the  ammonias  averaged  0.0419  parts,  —  which  h  two 
per  cent,  of  the  sum  of  the  ammonias  of  the  sewage  first  applied. 

From  these  results  we  see  that  about  98  per  cent,  of  the  nitrog- 
enous organic  matter  of  the  sewage  has  been  removed  from  the 
effluent ;  but,  as  there  is  little  nitrification,  and  this  probably  take^ 
place  in  the  sand  beneath  the  peat  by  contact  with  air  entering  the 
outlet,  there  can  be  no  doubt  that  the  larger  part  of  the  nitrogenous 
matter  of  the  sewage  is  being  stored  within  the  tank.  But,  what- 
ever be  the  proportion  remaining  there,  it  is  evident  that  the  organic 
matter  of  the  sewage  is  removed  to  a  less  degree  than  with  any 
of  the  filters  of  sand ;  and,  as  the  conditions  do  not  warrant  us  to 
expect  any  increase  in  nitrification,  these  results  do  not  give  prom- 
ise of  more  efficient  filtration  in  future. 

The  quantity  of  sewage  that  could  i)ass  through  this  material  is 
so  small,  that  it  renders  the  material  entirely  unfit  for  a  filtering 
area.  If  a  bed  of  it  were  surrounded  by  a  bank,  so  that  the  rain 
fiEilling  upon  it  could  not  flow  off  over  the  surface,  the  surface  would 
remain  covered  with  water,  from  rain  alone,  in  all  of  those  months 
when  the  evaporation  did  not  exceed  one-half  of  the  rainfall ;  so 
that,  during  about  two-thirds  of  the  year,  it  would  be  incapable  of 
receiving  any  sewage. 

We  must  regard  such  an  area  as  entirely  worthless  for  filtration 
of  sewage. 

Bacteria  op  Effluent  from  Tank  No.  3. 
The  number  of  bacteria  found  in  the  effluent  from  Tank  No.  3 
has  generally  been  very  small,  being  in  seven  of  the  months  less 
than  ten,  and  averaging  for  the  whole  time  thirty-nine.  It  is  not 
probable  that  the  conditions  of  so  long  a  passage  as  has  been  stated 
would  allow  the  continued  existence  of  bacteria  coming  from  the 
surface ;  and  there  seems  to  be  little  doubt  that  those  found  grew 
in  the  sand  and  gravel  on  the  bottom  of  the  tank,  or  in  the  under- 
drains  and  outlet  pipe. 
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FILTER  TANKS  Nos.  15,  16,  17  and  18- 


Peat  ani>  Sakd  from  Saugus  Marshes. 

These  tanks  were  of  galvanized  iron,  placed  within  the  building, 
having  an  area  equal  to  one  twenty-thousandth  of  an  acre.  In  the 
bottom  of  each  tank  was  placed  a  layer  of  coarse  gravel,  upon 
which  was  a  layer  of  fine  gravel  and  then  one  of  coarse  sand,  form- 
ing a  depth  of  about  six  inches  of  material,  which  served  as  an 
underdrain  to  the  filtering  material  above  it.  The  filtering  material 
consisted  of  a  depth  of  five  feet  of  sand  and  peat  taken  from  the 
Saugus  Marshes. 

In  Tank  No.  15  this  filtering  material  consisted  of  two  and  one- 
half  feet  of  peat,  overlying  peaty  sand  and  sand. 

In  Tank  No  16  there  was  a  depth  of  one  and  one-half  feet  of 
peat  from  the  surface  down,  with  peaty  sand  and  clear  sand  in  the 
lower  three  and  one-half  feet. 

Tank  No.  17  contained  three  and  one-half  feet  of  peat,  underlaid 
with  peaty  sand  and  sand ;  and  Tank  No.  18  contained  five  feet  in 
depth  of  peat,  mixed  with  some  very  fine  sand  and  some  clay. 

These  tanks  were  prepared  for  the  purpose  of  determining  the 
ability  of  difierent  sections  of  the  Saugus  Marshes  for  filtering 
sewage;  and  the  results  of  the  first  six  months  of  their  use  are 
contained  in  the  report  of  the  State  Board  of  Health  upon  the 
sewerage  of  the  Mystic  and  Charles  River  Valleys,  published  in 
Senate  Document  No.  2,  January,  1889. 

A  summary  of  the  results  obtained  in  the  earlier  months  of  their 
use  will  be  taken  from  that  report. 

As  these  materials  were  all  found  to  be  quite  worthless  for  the 
filtration  of  sewage,  it  is  not  thought  valuable  to  present  the  tables 
of  daily  results  of  analyses  and  observations ;  but  the  monthly  aver- 
ages of  these  results  are  contained  in  the  following  tables. 


Digitized  by  VjOOQ IC 


536 


FILTRATION  OF  SEWAGE. 


Monthly  Averages  of  Daily  RemUs  with  Filter  Tank  No.  IS. 
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Monthly  Averages  of  Daily  Results  with  Filter  Tank  No.  16, 
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Monthly  Averages  of  Daily  BesuUs  wUh  Filter  Tank  No.  17. 
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Monthly  Averages  of  Daily  Besttlls  vnth  Filter  Tank  No,  IS. 
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Tank  No.  15,  which  allowed  sewage  to  pass  through  it  most 
freely,  had  sewage  applied  fii-st  on  May  5,  1888,  and  was  treated 
with  sewage  at  the  rate  of  30,000  gallons  per  acre  per  day  for  three 
months,  which  flowed  through  with  the  slight  decrease  attributable 
to  evaporation.  This  quantity  did  not  keep  the  surface  continu- 
ously covered.  The  quantity  was  increased  to  60,000  gallons, 
which  disappeared  for  three  days   and  then  began  to  accumulate 
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upon  the  surface,  and  in  the  next  two  weeks  an  average  flow  of  45,- 
000  gallons  ensued ;  but  the  quantity  flowing  was  growing  less,  and 
30,000  gallons  applied  accumulated  upon  the  surface.  Then  for 
twc^ weeks  20,000  gallons  —  applied  daily  —  accumulated;  and  all 
application  of  sewage  was  stopped  until  that  upon  the  surCice 
should  disappear,  which  occurred  in  seven  days  (Sept.  5  to  11, 
1888),  in  which  time  the  average  flow  was  at  the  rate  of  15,600 
gallons  per  acre  per  day.  During  the  next  week  the  rate  of  11,400 
gallons  per  acre  did  not  keep  the  surface  continually  covered ;  but 
a  daily  application  in  the  next  four  weeks  of  12,800  gallons  per 
'  acre  kept  the  surface  continually  covered ;  and  the  effluent  was  at 
the  rate  of  12,000  gallons  per  acre  per  day.  The  same  quantity 
was  continued  for  the  next  five  months  (November;  1888,  through 
March,  1889),  keeping  the  surface  covered  nearly  all  the  time;  but 
in  April,  1889,  10,000  gallons  per  acre  kept  the  surface  covered, 
and  the  amount  of  effluent  was  reduced  to  8,200  gallons  per  acre 
per  day. 

The  chlorine  dissolved  out  of  the  salt  marsh  material  was  at  first 
in  the  effluent  600  pails  in  100,000.  TBis  decreased  rapidly,  until 
in  August  it  averaged  but  32  parts ;  after  which  it  decreased  more 
gradually,  and  became  at  the  end  of  the  year,  in  April,  1889,  7.4 
parts,  or  but  little  higher  than  that  of  the  sewage  which  had  been 
applied. 

The  sum  of  the  ammonias  of  the  effluent  increased  in  the  first 
month  from  0.10  parts  to  0.30  parts,  and  continued  increasing  until 
in  January,  1889,  they  amounted  to  1.29  parts.  After  tbijj  they 
were  somewhat  lower,  but  averaged,  in  the  three  following  months, 
one  part  per  100,000,  and  were,  during  the  last  six  months,  at  about 
50  per  cent,  of  the  sum  of  ammonias  of  the  sewage. 

The  albuminoid  ammonia  increased  from  0.0287  parts  in  May, 
1888,  to  0.1472  parts  in  November,  and  averaged  in  the  last  six 
months  0.1227  parts  ;  being  the  highest  at  the  last,  in  April,  when  it 
was  0.1580  parts. 

The  free  ammonia  increased  from  0.2582  parts,  in  May,  1888,  to 
1.1975  parts  in  January,  1889  ;  and  averaged  for  the  last  six  months 
0.9532  parts. 

The  nitrates  have  been  low  throughout,  and  have  varied  from 
0.0055  parts  in  May  to  0.0132  parts  in  August,  1888;  and  for 
the  last  six  months  averaged  0.0095  parts.  There  have  been  no 
nitrites. 
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From  the  experiments  with  this  material,  continued  through 
nearly  a  year,  those  of  the  last  six  months  indicate  that,  with  the 
application  of  12,000  gallons  a  day  to  an  acre,  (»f  this  material,  we 
may  expect  no  nitrification ;  and  the  organic  matter  of  the  effluent, 
as  indicated  by  the  ammonias,  will  be  as  much  as  one-half  of  the 
organic  matter  of  the  sewage  applied.  Fcom  which  we  see  that, 
while  the  quantity  that  can  be  filtered  through  an  area  of  such 
material  as  this  is  so  small  as  to  make  it  undesirable  for  use  in  any 
filtering  area,  the  resulting  purification  is  also  unsatisfactory. 
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FILTER   TANK    No.    16 


Thi:$  tank  of  material  from  the  Saugus  Marshes  had  one  and  a  half 
feet  in  depth  of  peat  near  the  surface,  with  peaty  sand  and  clear 
sand  below. 

Sewage  was  first  applied  on  May  5,  1888.  In  the  first  week  the 
quantity  of  the  effluent  was  about  seven-tenths  of  the  quantity  of 
sewage  applied,  and  was  the  equivalent  of  40,000  gallons  per  acre 
per  day.  In  the  last  ten  days  of  May  the  effluent  amounted  to 
three-fourths  of  the  amount  of  sewage  applied,  and  was  equivalent 
to  22,000  gallons  per  acre  per  day. 

During  the  month  of  elune  the  surface  of  the  tank  was  continually 
covered  with  sewage,  increasing  in  depth  from  day  to  day,  until  it 
became  about  five  inches  deep.  The  quantity  passing  throogh 
decreased  from  the  equivalent  of  22,000  gallons  to  the  equivalent  of 
G,000  gallons  to  an  acre,  averaging  for  the  month  about  16,000 
gallons. 

During  the  month  of  July  enough  sewage  was  applied  to  keep 
about  five  inches  in  depth  upon  the  surface,  and  the  quantity  of 
effluent  for  the  month  averaged  8,400  gallons. 

During  August  no  sewage  was  applied  for  twenty- eight  days, 
giving  time  for  the  five  inches  in  depth  upon  the  surface  to  disappear. 
The  average  quantity  of  effluent  during  this  month  was  equivalent 
to  4,200  gallons  per  acre  per  day. 

During  September  the  quantity  of  sewage  applied  in  the  first 
three  weeks  was  not  quite  sufficient  to  keep  the  surface  continually 
covered,  that  there  might  be  produced  the  efiect  of  inteiinittent 
filtration.  The  quantity  of  effluent  during  this  time  was  nearly 
constant,  and  amounted  to  the  equivalent  of  1,500  gallons  per  acre 
per  day ;  but  in  the  latter  part  of  the  time  the  peat  near  the  sur- 
face shrank  away  from  the  sides  of  the  tank,  and  allowed -sewage  to 
pass  down  through  the  crack,  which  was  about  one-eighth  of  an  inch 
wide  around  nearly  two-thirds  of  the  circumference  of  the  tank. 
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The  quantity  of  sewage  applied  was  increased,  and  at  first  about 
nine-tenths  of  it  came  through  ;  but,  the  crack  gradually  closing  up 
by  the  swelling  peat  and  the  deposit  of  slioQc,  the  quantity  coming 
through  was  reduced  to  but  one-fifth  of  that  applied,  and  at  the 
end  of  the  month  was  the  equivalent  of  2, GOO  gallons  per  acre 
per  day.  This  shrinking  of  the  surface,  forming  cracks  through 
which  the  sewage  could  flow  without  filtration  or  purification. 
Tendered  it  impossible  to  continue  intermittent  filtration  with  this 
material ;  and  during  the  month  of  October  the  surface  was  kept 
covered  with  sewage  to  the  depth  of  from  two  to  five  inches.  The 
quantity  flowing  through  was  the  equivalent  of  5,600  gallons  per 
acre  per  day.  Nearly  the  same  quantity  continued  through  Novem- 
ber and  December. 

During  January,  1889,  sufficient  sewage  was  applied  to  keep  the 
surface  covered  about  one  inch  in  depth,  and  the  quantity  of  eflluent 
averaged  but  1,400  gallons  per  acre  per  day;  and,  with  the  same 
depth  upon  the  surface  in  the  three  following  months,  the  quantity 
of  effluent  became  still  smaller,  and  averaged  for  the.  four  months, 
from  January  to  April,  1889,  1,000  gallons  per  acre  per  day, — 
which  is  equal  to  about  one-third  of  the  ordinary  rainfall  upon  the 
same  area. 

An  area  of  such  material,  after  being  used  nine  months  for  the 
filtration  of  sewage,  becomes  so  nearly  impervious  that  it  would  be 
unable  to  absorb  the  rain  that  would  fall  upon  it,  and  would  have 
no  value  for  a  filtration  area. 

The  effluent  which  first  came  through  contained  1,226  parts  per 
100,000  of  chlorine  ;  but  at  the  end  of  May  this  quantity  was  reduced 
to  240  parts,  averaging  for  the  month  751  parts. 

In  June  the  chlorine  formed  but  145  parts,  and  in  July  was 
reduced  to  64  parts ;  after  which  it  decreased  gradually  to  22  parts 
in  December,  1888,  and  in  the  three  months  in  1889  averaged  14.4 
parts  per  100,000. 

The  nitrates  have  generally  been  low,  averaging,  in  the  first  four 
months,  0.0076  parts;  but  they  increased  for  a  short  time  in 
November^ to  0.0600  parts,  but  soon  fell  ofi*,  and  in  December  aver- 
aged 0.0090  parts,  and  in  the  three  months  of  1889  averaged  but 
0.0086  parts. 

The  nitrites  during  1888  were  generally  absent,  except  in  the 
month  of  November,  when,  on  one  occasion,  they  rose  to  0.0150 
parts;  but  disappeared  in  the  next  month,  and  continued  absent 
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through  January  and  Febraary,  and  were  0.0041  parts  in  March, 
1889. 

The  sum  of  ammonias  of  the  effluent  increased  from  an  average 
of  0.0642  parts  in  May  to  0.4390  parts  in  December,  1888;  after 
which  time  they  continued  nearly  constant,  averaging,  for  the  three 
months  of  1889,  0.4113  parts. 

The  free  ammonia  was  variable ;  but  low  from  June  through 
September,  averaging  0.0099  parts.  After  this  it  increased  rapidly 
to  0.3843  parts  in  December,  and  continued  in  the  next  three 
months  at  nearly  the  same  quantity. 

The  albuminoid  ammonia  increased  from  0.0202  parts  in  May  to 
0.14(52  parts  in  August;  after  which  it  decreased  to  0.0547  parts  in 
December,  and  averaged  0.0417  parts  in  the  first  three  months  of 
1889. 

We  have  in  this  tank,  after  nine  months  of  application  of  sewage, 
no  nitrification,  and  very  unsatisfactory  removal  of  organic  matt<?r, 
there  still  remaining  in  the  effluent  about  one-fifth  of  the  orgmic 
matter  of  the  sewage ;  and  the  quantity  filtering  is  so  extremely 
small  as  to  render  this  material  worthless  for  filtration. 
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FILTER    TAl!fK    N^o.   17. 


Filter  Tank  No.  17  contained  three  and  a  half  feet  of  peat,  under- 
laid with  one  and  a  half  feet  of  peaty  sand  and  sand. 

Sewage  was  first  applied  May  25,  1888 ;  and  thereafter  contin- 
ually covered  the  surface,  excepting  on  a  few  days  in  August.  The 
quantity  of  sewage  which  settled  into  the  peat  is  very  small ;  and 
the  water,  that  had  been  held  by  the  material,  which  flowed  out 
from  the  bottom,  amounted  to  the  following  rates  per  acre  per  day  : 
in  June,  13,400  gallons ;  in  July,  6,600  gallons;  in  August,  5,400 
gallons;  in  September,  3,600  gallons;  in  October,  4,000  galhms ; 
in  November,  3,000  gallons ;  and  in  December,  3,400  gallons.  In 
the  first  f()ur  months  of  1889  it  decreased  to  2,000  gallons,  and 
averaged  2,150  gallons  per  acre  per  day. 

The  chlorine  amount-cd  to  1,823  parts  per  100,000  in  June  ;  and 
its  constancy  through  the  month  indicated  that  no  sewage  reached 
the  bottom  from  the  surface.  In  the  latter  part  of  July  a  reduction 
of  chlorine  to  1,550  parts  indicated  that,  at  that  time,  about  one- 
sixth  part  of  the  efiJuent  was  from  sewage.  In  September  the  chlo- 
rine indicated  that  about  one-half  of  the  effluent  was  from  sewage ; 
and  in  December  the  sewage  foi-med  about  nine-tenths  of  the  cflHu- 
ent.  After  this  the  chlorine  continued  to  decrease,  being  127  parts 
in  January  and  63  parts  in  April. 

The  nitrates  increased  from  0.0076  paVts  in  June  to  0.0285  parts 
in  November;  and  decreased  to  0.0175  parts  in  December;  after 
which  time  they  were  not  observed.  There  were  no  nitrites  at  any 
time. 

When  sewage  began  to  reach  the  outlet  in  small  quantities,  the 
sum  of  ammonias  of  the  effluent  began  to  increase,  and  continued 
increasing  for  the  next  nine  months  through  which  observations 
were  continued,  until  they  amounted  to  1.4700  parts  per  100,000, 
which  was  about  three-fourths  of  the  sum  of  ammonias  of  the  sew- 
age which  bad  been  applied. 
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In  this  tank  the  free  ammonia  was  generally  much  lower  than  in 
the  other  tanks  of  material  from  the  Saugns  Marshes.  It  decreased 
from  0.0639  parts  in  June,  1888,  to  0.0020  parts  in  October,  and 
then  increased ;  and  in  the  first  four  months  of  1889  averaged 
0.0591  parts,  being  the  highest  in  the  last  month,  when  it  was 
0.0700  parts. 

The  albuminoid  ammonia,  on  the  other  hand,  continued  increas- 
ing, —  throughout  the  time  of  using  the  tank,  —  from  0.0369  part^ 
in  June,  1888,  to  1.4000  parts  in  April,  1889,  and  averaged,  for 
the  four  months  of  1889,  1.060G  parts. 

This  material  also  proved  to  bo  entirely  unsatisfactory  as  a  filter, 
both  from  the  small  quantity  of  sewage  that  would  pass  through  it, 

—  being  considerably  less  than  the  annual  rainfall  upon  its  surface, 

—  and  from  the  very  large  part  of  the  organic  matter  from  the  sewage 
which  remained  in  the  effluent. 
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FILTER    TAXK    ^^o.   18 


Filter  Tank  No.  18  contained  five  feet  in  depth  of  peat  mixed 
with  some  very  fine  sand  and  some  clay,  from  the  Saugus  Marshes, 
Sewage  was  first  applied  to  this  tank  on  May  25,  1888. 

The  chlorine  of  the  effluent  was  very  high,  as  this  material  was- 
obtained  from  near  the  edge  of  the  marsh,  where  it  was  continually 
saturated  jvith  sea  water,  and  frequently  overflowed.  At  first  the 
chlorine  of  the  effluent  amounted  to  2,290  parts  ;  but  this  increased 
before  the  end  of  June  to  2,632  parts ;  and  continued  increasing 
till  the  sixth  of  July,  when  it  amounted  to  2,682  parts.  After  this 
it  was  nearly  constant  for  four  months,  continuing  above  2,600  parts. 
In  November  the  chlorine  amounted  to  2,595  parts ;  and  in  Decem- 
ber, 2,570  parts;  and  averaged^  for  the  seven  months,  2,601  parts. 

The  nitrates  were  very  low,  but  increased  from  0,0050  parts  in 
June  to  0.0150  parts  in  November,  averaging  0.0087  parts;  and 
there  were  no  nitrites. 

During  June  and  July  the  surface  was  kept  continually  covered 
with  sewage,  and  the  effluent  averaged  the  equivalent  of  3,200 
gallons  per  acre  per  day,  in  June,  and  3,000  gallons  in  July- 

On  August  1  sewage  was  about  two  inches  deep  upon  the  surface ; 
and  none  was  applied  until  this  disappeared,  on  August  12.  For 
the  next  two  weeks  only  sufficient  sewage  was  applied  to  keep  the 
surface  covered  about  half  of  the  time.  The  quantity  of  effluent 
during  this  month  averaged  2,800  gallons  per  acre  per  day.  Dur- 
ing the  month  of  September  the  sewage  applied  was  not  quite  suffi- 
cient to  keep  the  surface  continually  covered,  and  the  amount  of 
effluent  averaged  1,400  gallons  per  acre  per  day ;  but  in  the  three 
following  months,  October  to  December,  with  the  surface  covered 
from  one-half  inch  to  one  and  three-fourths  inches  in  depth,  the 
quantity  of  effluent  averaged  but  200  gallons  per  acre  per  day. 

The  sum  of  ammonias  of  the  effluent  slightly  increased  during 
the  seven  months,  from  0.6471  parts  in  June  to  0.6800  parts  in 
December,  averaging  0.6653  parts.  The  free  ammonia  was  nearly 
constant,  and  averaged  0.5661  parts.      The  albuminoid  ammonia 
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varied  from  0.0600  parts  to  0.2100  parts,  and  averaged  0.0992 
parts. 

The  quantity  of  sewage  that  can  be  passed  through  five  feet  in 
depth  of  this  material,  when  it  is  completely  underdrained,  being 
but  one-fifteenth  of  the  quantity  of  rain  that  would  fall  upon  this 
surface,  rendered  it  entirely  useless  for  filtration. 

The  conclusions  in  regard  to  filtering  through  peat,  made  by  the 
Board  when  these  experiments  were  about  half  finished,  are  fully 
supported  by  the  results  obtained  on  concluding  the  experiments. 
These  conclusions  were  as  follows  :  — 

The  experiments  upon  this  material  prove  to  the  Board  that  an 
area  of  sand  covered  with  peat  to  the  depth  of  even  one  foot  is 
unsuitable  to  be  used  for  a  filtration  area.     They  indicate  that,  if 
so  used,  the  surface  will  become  covered  with  a  slime  which  will 
prove  a  nuisance  ;  that  sewage  applied  to  such  an  area  in  winter  will 
have  to  remain  so  long  upon  the  surface  that  it  will  freeze,  and  the 
whole  become  inoperative ;  that,  under  the  most  favorable  circum- 
stances, the  quantity  of  sewage  which  can  flow  through  the  peat  is  so 
small,  and  the  efiluent  so  little  improved  by  passing,  that  it  is  not 
expedient  to  use  it  for  this  purpose  ;  and  that  the  only  way  to  ren- 
der such  .an  area  suitable  for  filtration  is  to  remove  the  peat  entirely 
from  the  sand,  and  apply  the  sewage  directly  to  the  sand. 

Bacteria  in  the  Effluent  of  Tanks  No.  15,  16,  17  and  18. 

A  table  of  the  number  of  bacteria  counted  in  efiluent  from  these  tanks 
may  be  found  at  the  end  of  this  section.  The  monthly  averages  of 
these  counts  are  in  the  table  near  the  beginning  of  this  section. 

When  the  water  that  came  through  the  sand  was  draining  from 
these  tanks,  the  number  of  bacteria  was  at  first  high,  excepting  in 
that  from  Tank  No.  18,  which  at  first  was  low,  but  rapidly  increased. 

The  number  at  first  in  the  effluent  from  Tank  No.  15  was  18,480; 
from  Tank  No.  16,  7,392;  and"  from  Tank  No.  17,  1,584;  but 
these  numbers  immediately  decreased.  In  the  effluent  from  Tank 
No.  15,  after  the  first  few  weeks,  the  average  number  for  the  eleven 
months  was  712  ;  being  less  than  a  hundred  in  four  of  the  months, 
and  in  the  coldest  month  —  February  —  the  number  was  10  per 
cubic  centimeter. 

The  number  of  bacteria  that  exists  in  the  sewage  remaining  upon 
the  top  of  the  tanks  is  generally  much  reduced  from  the  number  in 
the  sewage  when  it  is  first  applied.  Sometimes  one-half  of  the 
original  number  may  be  found,  and  sometimes  a  smaller  fraction. 
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The  average  number  found  during  the  whole  time  in  the  effluent 
from  Tank  No.  15  may  be  taken  as  about  1  in  500  of  the  number  in 
the  sewage  upon  the  surface  ;  and,  whether  any  of  these  came  through 
the  i)eat  from  the  surface,  or  grew  in  the  underdrains,  we  have  no 
means  of  distinguishing. 

In  the  effluent  from  Filter  Tank  No.  16  the  number  found  in  the 
first  two  months  was  about  2,000.  The  number  decreased,  until, 
in  November,  1888,  it  averaged  but  82 ;  and  in  the  five  following 
months  the  average  number  was  23  per  cubic  centimeter.  It 
appears  probable  that,  in  the  last  five  months,  none  of  the  bacteria 
of  the  applied  sewage  survived  the  long  passage ;  but  that  the  small 
number  found  in  the  effluent  grew  in  the  underdrains,  where  there 
was  an  abundance  of  food  in  the  large  amount  of  nitrogenous  matter 
then  in  the  effluent. 

In  the  effluent  from  Tank  No.  17  the  number  at  first  counted  was 
1,584  ;  but  this  number  was  immediately  reduced,  and  averaged  for 
June,  1888,  53.  The  chlorine  of  the  effluent  in  July  indicated  that 
a  small  quantity  of  sewage,  perhaps  four  per  cent,  of  the  effluent, 
then  reached  the  outlet ;  and  the  number  of  bacteria  increased  in  the 
first  half  of  the  month  to  33,682,  after  which  the  number  decreased, 
and  averaged  for  the  month  16,642.  The  number  remained  high 
through  August,  September  and  October,  averaging  for  the  four 
months,  July  to  October,  10,660. 

At  the  end  of  this  time  the  chlorine  of  the  effluent  indicated  that 
about  five-sixths  of  it  was  from  sewage.  After  this  the  number  of 
bacteria  immediately  decreased  to  very  small  numbers,  and  averaged 
26  for  November ;  and  for  the  four  months,  November  to  February, 
1889,  the  average  number  was  but  29.  In  March,  on  one  day,  the 
number  found  was  3,780,  and  the  average  for  the  month  was  1,937. 
In  April,  on  one  day,  8,890  were  found ;  on  three  other  days  the 
number  was  but  four. 

In  the  effluent  of  Tank  No.  18  the  number  increased,  in  two 
weeks,  from  20  at  the  first  count  to  28,800 ;  and  averaged  for  the 
month  of  June,  13,150.  In  the  four  months  from  June  to  Sep- 
tember the  average  number  was  25,463 ;  and,  as  there  was  no  dim- 
inution in  the  chlorine  of  the  effluent  during  these  months,  it  is 
quite  certain  that  no  sewage  came  from  the  surface  of  the  tank,  and 
consequently  that  no  bacteria  came  down  from  the  surface ;  and 
these  large  numbers  must  have  grown  either  in  the  sand  in  the 
lower  part  of  the  tank,  or  in  the  gravel  and  underdrains  at  the 
bottom. 
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The  increase  from  the  very  small  number  at  first  to  large  num- 
bers at  the  end  of  two  weeks,  when  no  liquid  could  have  come 
down  from  the  surface,  indicates  that  the  conditions  for  growth  of 
bacteria  were  favorable  in  the  lower  part  of  this  tank  or  its  under- 
dmins ;  and,  there  being  a  larger  number  in  the  effluent  from  this 
tank  than  from  either  of  the  other  tanks  containing  peat,  renders 
it  quite  probable  that  the  bacteria  found  in  the  effluent  from  each  of 
these  tanks  grew  near  the  bottom,  where  they  could  receive  air 
from  the  outlet  pipes,  and  did  not  come  down  through  the  filter, 
after  the  liquid  had  drained  out  which  was  originally  in  the  filtering 
material. 


Number  of  Baderia  found  in  the 

5  Effluent  from  Tanks  Nos,  15, 16, 

17  and  18. 

KUMBKB  OF  BAOTKRIA  PBB  CUBIC 

NuxBBB  OP  Bactkbia  pib  Cruc 

Cbktuutks. 

Datb. 

CKNTIXKTliB. 

DATS. 

Tmnk 

Tank 

Tank 

Tank 

Tank 

Tank 

Tank 

Tsnl 

No.  15. 

No.  16. 

No.  17. 

Ko.  18. 

No.  15. 

No.  16. 

No.  17. 

Xo.  18. 

18M. 

1888- Con. 

May  10,    .       . 

18,480 

7,392 

- 

- 

Nov.  21.    . 

4 

9 

- 

- 

IX.    .       . 

4.242 

96 

- 

- 

26,    .        . 

163 

126 

114 

- 

19,    .        . 

- 

675 

- 

- 

Dec.    7,    .        . 

7 

0 

118 

- 

22.    .        . 

2,689 

2.016 

- 

- 

12,    .        . 

3 

9 

- 

- 

26,    .        . 

812 

1.496 

1,584 

- 

17,     . 

198 

17 

5 

- 

29.    .        . 

0 

774 

37 

20 

26,    .        . 

819 

7 

4 

- 

June   2,    . 

- 

932 

- 

5,425 

1888. 

7.   .        . 

- 

274 

23 

8,352 

Jan.     2.    . 

8.620 

40 

4 

- 

12.    .        . 

158 

9,840 

98 

28,800 

8,    .        . 

676 

2 

0 

_ 

16,    .        . 

9 

57 

60 

71 

15.    .        . 

798 

49 

0 

- 

29.    .        . 

88 

40 

42 

23,100 

*22.    .        . 

9.216 

19 

_ 

- 

July    5.    .       . 

- 

1.480 

5,431 

4,410 

29,    .      '. 

7 

32 

33 

_ 

10.    .        . 

89 

8,724 

- 

87,270 

F«b.     6,    .        . 

22 

1 

_ 

14,    .        . 

278 

1,912 

83,682 

76,345 

12,    . 

8 

4 

1 

19,    .        . 

- 

440 

- 

- 

19,    . 

8 

9 

24.     .        . 

- 

183 

20,786 

- 

27,    .        . 

2 

1 

82 

28,    . 

265 

86 

6,720 

9,610 

Mar.    6,    .       . 

4 

S 

. 

Aug.   4.    . 

272 

135 

4,890 

11,742 

12.    .        . 

1.365 

70 

3.780 

14.    .        . 

243 

180 

6,807 

- 

19.    .        . 

2,352 

3 

9J 

. 

18,    .        . 

406 

604 

- 

58,968 

26,    .        . 

2,220 

130 

. 

- 

23,     .        . 

397 

~ 

- 

- 

April  2,    .        . 

1,764 

„ 

« 

. 

Sept.  13,    .        . 

298 

642 

8,482 

6,122 

9.    . 

3,255' 

0 

8.S90 

. 

18,    . 

1,072 

1,490 

- 

- 

16,    . 

820 

SO 

6 

_ 

22,    .        . 

912 

821 

9,660 

17.391 

24,    . 

28 

0 

5 

. 

27.    .        . 

2.798 

206 

10,800 

40,800 

30,    .        . 

289 

66 

2 

_ 

Oct.     4,    .        . 

408 

272 

60,657 

- 

May    7,    .       . 

121 

9 

15,768 

- 

9.    .        . 

24 

467 

- 

- 

14,    . 

41 

22 

7 

- 

.    13,    .        . 

16 

377 

0 

- 

21,    . 

0 

7 

3.770 

- 

23.    .        . 

4 

469 

- 

28,    .        . 

0 

0 

1 

- 

27,     .        . 

1 

307 

- 

June   4,    .        . 

13 

61 

1 

- 

Nov.    1,    .        . 

148 

317 

- 

11,    .        . 

9 

2 

1 

- 

6,     . 

12 

6 

- 

18,    . 

88 

10 

8 

- 

10,     . 

41 

22 

- 

26,    .        . 

4 

2 

0 

- 

16,     .        . 

55 

12 

~ 
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FILTER    TANK    No-   15a. 


Very  Coarse,  Clean  Gravel. 
The  peat  and  sand  which  had  been  used  as  a  .filter  in  Tank  No. 
15,  from  May,  1888,  to  June,  1889,  were,  on  June  28,  removed 
from  the  tank ;  and,  after  being  washed,,  the  tank  was  filled  with 
gravel,  none  of  the  stones  of  which  were  less  than  three-fourthg  of 
an  inch  in  diameter,  nor  more  than  one  and  one-fourth  inches.     The 
filter  thereafter  being  of  entirely  different  material,  will  be  desig- 
nated as  Tank  No.  15a.     This  gravel  had  been  carefully  washed,  so 
that  there  should  be  no  sand  attached  to  the  stones.     It  was  then 
spread  out,  that  the  water  might  drain  from  it,  and  was  put  into  the 
tank  damp.     After  standing  ten  days,  with  the  outlet  open,  the 
outlet  was  closed,  and  the  gravel  which  occupied  the  space  of  90 
gallons  was  filled  with  33  gallons  of  sewage.      The  sewage  then 
occupied  37  per  cent,  of  the  space.      After  standing  twenty-four 
hours,  the  tank  was  drained,  and  31  gallons  flowed  out  within  half 
an  hour,  and  in  the  next  twenty-four  hours  one-half  a  gallon  more 
dropped  slowly  from  the  outlet.     The  tank  was  again  filled  with 
31.44  gallons  of  sewage,  31  gallons  of  which  flowed  out  rapidly  in 
fifteen  minutes ;   and  in  the  course  of  the  next  week  a  suflicient 
quantity  dropped  out  to  make  the  whole  quantity  drained  from  the 
tank  31.52  gallons.     From  this  time,  July  23,  1889,  one-half  gallon 
of  sewage  was  applied  to  the  tank  daily,  —  except  Sundays,  — until 
August  16  ;  after  which  the  quantity  was  doubled. 

It  appears,  from  the  filling  and  draining  of  the  tank,  that  a  little 
more  than  1.5  gallons  of  liquid  is  held  by  the  stones,  after  being 
thoroughly  drained,  and  that  all  but  two  gallons  will  run  out  in  a 
shoi*t  time  after  being  applied.  When  sewage  was  applied  every 
day,  the  amount  applied  went  into  the  tank  containing  90  gallons  of 
gravel,  in  which  were  31  gallons  of  air  and  two  gallons  of  liquid. 

No  analyses  of  the  eflluent  were  made  until  August  5,  when,  as 
stated  above,  sewage  had  filled  the  tank  twice,  and  then  had  been 
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allowed  to  drain  from  the  tauk  for  about  two  weeks ,  and  had  after- 
ward been  applied  at  the  rate  of  one-half  gallon  a  day,  on  twelve 
days.     The  first  analysis  was  as  follows  :  — 

Free  ammonia, 0.3400 

Albuminoid  ammonia, 0.0320 

Chlorine, 4.58 

Nitrates, '      .        .  4.2500 

Nitrites, 0.0600 

It  will  be  seen  that  at  this  time  the  ammonias  were  high,  and  the 
nitrates  very  high  ;.  but,  as  this  elBluent  contains  nearly  twice  as  much 
nitrogen  as  was  contained  in  the  sewage  at  any  time  since  its  applica- 
tion began,  and  the  amount  of  nitrogen  which  came  out  in  the  effluent 
in  the  next  eleven  days  is  greater  than  the  whole  amount  applied  up 
to  that  time  sincQ  the  one-half  gallon  began  to  be  regularly  applied 
on  July  23,  we  must  conclude  that  the  nitrogen  at  this  time  being 
removed  must  be  in  part  from  the  organic  matter  held  back  by  the 
gravel,  when  it  was  saturated,  on  July  9  and  12,  with  sewage  which 
on  the  two  days  amounted  to  sixty-four  gallons.  There  being  eo 
much  nitrogen  stored  m  the  tank  at  this  time,  it  is  probable  that  the 
nitrification  began  but  a  few  days  before  this  first  analysis.  We  can, 
however,  safely  conclude  that  it  began  within  three  weeks  of  the 
time  of  first  applying  sewage  to  the  gravel. 

The  results  of  chemical  analyses  of  the  effluent,  and.  the  daily 
observations  upon  this  tank,  are  given  in  tables  at  the  end  of  this 
section. 

The  monthly  averages  of  the  chemical  analyses  of  the  effluent  and 
of  the  sewage  applied  to  this  tank  are  given  in  the  following  table, 
which  contains  also  the  daily  quantity  of  effluent  and  its  temperature 
und  the  number  of  bacteria  found  in  a  cubic  centimeter :  — 
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Monthly  Averages  of  Daily  Results  with  Tank  No.  15  a. 


t 
1= 

1  Rbsiduk  oh 

EVAPUKATION. 

Ammomia. 

1 

^ 

Date. 

§1 

1 

< 

^* 

1 

1 

5i 

lit 

III 

1S80. 

1 

i         1 

Jaly27-Aug.12. 
Aug.  1-16, .        . 

Sewage,  . 
Effluent, . 
Per  cent., 

.44 

23.25 
1    3.13 
13 

43.82 
37.00 
84 

2.0858 
.1426 

7 

.6975 
.0214 

4 

2.6<Q3 
.1640 
6 

4.94 
4.31 

.0000 
5.1100 

.0000 
.0215 

71- 

"78 

Aug.  13-Ocl.  3, . 
Aug.  17-Oct.  6, . 

Sewage,  . 

Effluent, . 
Per  cent.. 

.81 

30.88 
1   2.20 

1   7 

42.01 
30.00 
71 

1.8892 
.0818 

4 

.8536 
.0398 
5 

2.7428 
.1216, 
4 

5.41 
5.98 

.0000 
2.2778 

.0001 
.0011 

67* 

6,125 

Oct.  4-29.   . 
Oct.  7-31,   . 

Sewage,  . 
Effluent.. 
Per  cent., 

.88 

1  - 

: 

1.8833 
.1217 
6 

.7472 
.0356 
5 

2.6305 
.1573 
6 

4.73 
6.60 

.0007 
31.0125 

.0002 
.0047 

52- 

"so 

Oct.  aO-Nov.  28, 
NoTember, 

Sewage,  . 
Effluent. . 
Per  cent.. 

.89 

25.00 
9.40 
38 

26.97 
84.40 
325 

2.0812 
.5620 
27 

.6050 
.0614 
11 

2.6862 

.62641 

23         1 

5.66 
6.16 

.0000 
1.1100 

.0000 
.0022 

50' 

64 

NoT.29-Dec.28, 
December, 

Sowage,  . 
Effluent, . 
Per  cent.. 

.87 

1  : 

„ 

1.1559 

.0000 
78 

.4694 
.0575 
12 

1.6253 
.9575 
59 

5.15 
5.76 

.0071 
.3325 

.0006 
.0015 

44- 

341 

18M. 

Dec.  Sft-Jan.  29, 
January,    . 

Sewage,  . 
Effluent, . 
Per  cent.. 

.79 

32.79 
9.40 
29 

23.91 
106.60 
447 

1.4378 
1.19U0 
83 

.6248 
.0760 
12 

2.0626 
1.2660 

61         1 

4.74 
5.26 

.0000 
.1520 

.0000 
.0015 

42* 

008 

Jan.  30-Feb.  26, 
February,  . 

Sewage,  . 
Effluf  nt, . 
Per  cent., 

.89 

- 

1.6950 
1.5000 
94 

.8337 
.0700 
8 

2.4287 
1.5700 
65         1 

1 

4.55 
4.49 

.0825 

.0001 
.0015 

42* 

880 

After  August  16  the  quantity  of  sewage  applied  daily  was  increased 
to  one  gallon.  This  was  continued  through  the  year.  The  nitrates, 
which  were  then  4.7000  parts,  decreased  to  3.0000  parts  at  the  end 
of  the  month,  and  in  the  month  of  September  continued  decreasing, 
till  they  formed  but  1.0000  parts;  but  on  October  5  they  again 
increased  to  2. 1000  parts.  The  free  ammonia  decreased  from  0.3400 
parts  at  the  first  analysis  to  0.0470  parts  on  August  16  ;  after  which 
it  increased  to  0.1670  parts  on  September  7,  and  again  decreased  to 
0.0040  parts  on  September  23  ;  after  which  it  rose  to  0.0264  parts 
on  October  5.  The  albuminoid  ammonia  decreased  from  0.0320 
parts  at  the  first  analysis  to  0.0130  parts  qn  August  16  ;  after  which 
it  increased,  but  varied  from  0.0280  parts  to  0.0700  parts  on  Sep- 
tember 18 ;  after  which  it  was  lower,  and  on  October  5  was  0.0300 
parts.  During  the  last  two  weeks  of  this  time,  the  sum  of  ammonias 
of  the  effluent  averaged  but  one  per  cent,  of  those  of  the  sewage, 
and  the  nitrates  averaged  1.6000  parts  per  100,000. 

There  was,  after  two  and  a  half  months'  application  of  sewage  to 
this  coarse  gnivel,  a  very  satisfactory  purification,  and  a  good  degree 
of  nitrification. 
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Saltpetre  added  to  the  Sewage  applied* 

For  the  five  days  after  October  7,  saltpetre  was  dissolved  in  the 
sewage,  in  suflSlcient  quantity  to  give  72  parts  of  nitrogen  per  100,000. 
In  two  days  the  nitrates  increased  to  27  parts  per  100,000,  and  on 
the  third  and  fourth  days  were  64  parts  per  100,000.  This  sidtpetre 
was  discontinued  after  the  fifth  day,  and,  twelve  days  after  the  first 
was  applied,  the  nitrates  had  fallen  to  15  parts  per  100,000. 

Sulphuric  Acid  added  to  the  Sew^age. 

From  Oct.  22,  1889,  to  the  end  of  the  observations,  sulphuric  acid 
was  added  to  the  sewage  in  sufiicient  quantity  to  equal  22.54  parb 
per  100,000  of  sulphuric  acid  in  the  solution.  This  was  done  to  see 
whether  nitrification  would  continue  with  the  sewage  which  contained 
an  excess  of  acid.  It  was  begun  when  the  nitrates  of  the  efBiient 
from  the  saltpetre,  which  had  been  previously  added,  amounted  to 
about  10  parts  per  100,000 ;  and  they  of  course  rapidly  decreased, 
and  by  the  end  of  November  were  0.4000  parts.  From  this  time 
they  have  been  continually  decreasing,  except  for  a  shoit  time  in 
December,  when  they  increased  to  0.4900  parts,  and  again  decreased 
to  0.1000  parts  at  the  last  of  January,  1890,  and  to  0.0700  parts  at 
the  last  of  February. 

The  free  ammonia  increased  quite  steadily  to  0.6000  parts  in  the 
last  of  November,  and  became  1.0000  parts  the  last  of  December, 
from  which  it  increased  to  1.6000  parts  in  January,  and  averaged 
1.5000  parts  in  February. 

The  albuminoid  ammonia  increased  and  decreased,  averaging 
0.0644  parts  in  November,  0*0575  parts  for  December,  0.0760  parts 
for  January,  and  0.0700  parts  for  February.  The  sum  of  ammonias 
increased  until  in  February  they  became  about  two-thirds  of  the 
sum  of  ammonias  of  the  sewage ;  but  the  albuminoid  ammonia  of 
the  effluent  was  then  but  one-twelfth  of  that  of  the  sewage. 

Although  Nitrificatiox  was  checked  bt  Acid  is  Sewage, 
Marked  Purificatiox  continued. 

For  four  months  nitrification  continued  in  decreasing  amount, 
with  a  strongly  acid  solution  of  sewage.  The  amount  of  acid  evi- 
dently interfered  seriously  with  the  purification  of  the  sewage ;  but 
the  part  of  the  sewage  which  can  putrefy — the  albuminoid  ammouia— 
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decreased  to  only  eight  per  cent. ;  .so  that,  while  nitrification  was 
checked,  a  very  decided  step  in  the  purification  of  the  sewage 
continued. 

We  leam  from  this  experiment  that  sewage  containing  a  large 
percentage  of  sulphuric  acid  may  have  a  large  part  of  its  organic 
matter  removed  by  intermittent  filtration  for  a  considerable  time ; 
so  that  we  may  not  expect  an  unfavorable  result  if  sewage  having  an 
excess  of  acid  be  occasionally  applied  to  a  filtration  area ;  but,  if  it 
is  to  be  constantly  applied,  it  should  be  neutralized  by  lime  or  some 
alkali. 

Bacteria  in  the  Effluent  of  Tank  No.  15  a. 

A  table  of  bacteria  follows  the  table  of  chemical  analyses.  The 
monthly  averages  may  be  found  in  a  previous  table. 

In  the  first  half  of  August,  1889,  when  the  ammonias  were  high 
and  the  nitrates  very  high,  the  number  of  bacteria  in  the  effluent 
averaged  but  81.  In  the  latter  part  of  the  month,  when  the 
ammonias  were  lower,  and  the  nitrates,  though  lower,  were  still 
high,  the  average  number  found  was  5,640.  In  September,  with  a 
varying  but  fair  degree  of  purification,  the  number  of  bacteria  aver- 
aged 9,967  per  cubic  centimeter. 

While  applying  saltpetre  in  large  quantities  to  the  tank  in  Octo- 
ber, the  number  found  in  the  eflluent  was  31.  At  this  time  the 
nitrates  of  the  effluent  were  64  per  100,000.  A  week  later  the  num- 
ber was  168.  Three  days  after  sulphuric  acid  was  first  applied,  the 
number  in  the  effluent  was  40 ;  and,  while  continuing  to  apply  the 
acid  through  November,  the  average  number  was  64.  With  the  acid 
in  the  effluent  somewhat  stronger  in  December,  the  number  of  bac- 
teria coui\ted  averaged  341.  In  January  the  number  was  608,  and 
in  Febmary  880.  During  the  four  months  in  which  the  acid  was 
applied  with  the  sewage,  the  number  of  bacteria  in  the  sewage  aver- 
aged 500,000,  and  the  average  number  in  the  effluent  was  equal  to 
about  one  in  1,000  of  those  applied.  During  this  time,  while  the 
ammonias  were  very  high  and  the  nitrates  low,  the  addition  of  acid 
appeared  to  bo  an  unfavorable  condition  for  the  existence  of  bac- 
teria ;  but  during  the  last  two  months,  when  the  nitrates  became 
very  low  and  the  ammonias  nearly  as  high  as  those  of  the  sewage, 
there  was  an  increase  inthe  number  of  bacteria  in  the  effluent,  reach- 
ing on  one  day  as  high  as  one  per  cent,  of  the  number  in  the  sewage, 
but  generally  being  less  than  one-tenth  of  one  per  cent. 
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CHEMICAL  ANALYSES  OF  THE  EFFLUENT, 


DAILY  OBSERVATIONS 


Upon    Filter    Tank    3?^o.   15 A. 


i«iy» 

1M»« 

The  qaantlty  of  Bewage  applied  apd  effluent  from  taok  in  gallonB  were  ae  follows  :- 

- 

Date. 

1' 

DATS. 

It 

^        1 

Datk. 

< 

P 

0 

z  5 

0,      .        .        . 

32.76 

- 

.04 

25,    .        .        . 

.50 

.47 

10, 

.32 

31.42 

18. 

- 

.04 

26. 

.50 

47 

11. 

- 

.15 

10, 

- 

.03' 

27, 

.50 

.4a 

12. 

31.27 

- 

20, 

- 

.04 

28, 

- 

.W 

13. 

.17 

31.02 

21. 

- 

.01  , 

29. 

.80 

.Zi 

14, 

- 

.17   !  22, 

- 

.03 

30. 

.» 

.49 

15. 

- 

.08  '    23, 

'        .50 

.10 

31. 

.50 

.'A 

16. 

- 

.oe     21, 

1         .50 

.36 

Total  efflueDt  lo  end  uf  month,  66.43  gallons. 
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Filter  Tank  No.  ia.1— Continued. 

Aacoat,  1SS». 


I 

or 

RCSIDUB  OK 
BVAPORATIUN. 

Ammokia. 

i 

1 

NiTHOOKK 
AS 

Tbmhkr- 

ATUHB. 

DATt. 

i 

1 

1 

A 

< 

1 

1 

Z 

1 

■J 

1, .     .     .     . 

.50 

.51 

- 

- 

- 

- 

- 

- 

- 

- 

72- 

- 

2,.         .         .        . 

.60 

.57 

- 

- 

- 

- 

- 

- 

- 

- 

72* 

- 

3 

.60 

.52 

- 

- 

- 

- 

- 

- 

- 

- 

72* 

- 

4 

- 

.25 

- 

- 

- 

- 

- 

- 

- 

- 

- 

6 

.60 

.28 

2.20 

36.30 

.8400 

.0320 

.3720 

4.53 

4.2500 

.0600 

71' 

- 

«,.... 

.50 

.47 

- 

- 

- 

- 

- 

- 

- 

- 

- 

T 

.50 

.50 

- 

- 

- 

- 

- 

- 

- 

- 

71" 

- 

8 

.50 

.47 

- 

- 

- 

- 

- 

- 

- 

- 

72" 

- 

9 

.50 

.47 

8.60 

87.80 

.1340 

.0220 

.1560 

4.31 

5.5000 

.0190 

7r 

- 

10 

.60 

.40 

8.60. 

37.80 

.1100 

.0200 

.1300 

4.22 

5.7000 

.0220 

71- 

- 

11 

- 

.22 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

12 

.50 

.26 

- 

- 

- 

- 

- 

- 

- 

- 

70* 

- 

13..        .        .        . 

.50 

.52 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

14 

.50 

.47 

- 

- 

.0820 

.0200 

.1020 

4.23 

5.4000 

.0040 

68* 

- 

15..        .        .        . 

.50 

.47 

- 

- 

- 

- 

- 

- 

- 

- 

OS- 

- 

1« 

.50 

.52 

- 

- 

.0470 

.0130 

.0600 

4.27 

4.7000 

.0024 

es* 

- 

17..         .        .        . 

1.00 

.98 

- 

- 

- 

- 

- 

- 

- 

- 

69- 

- 

18 

- 

.24 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

19 

1.00 

.74 

- 

- 

- 

- 

- 

- 

- 

- 

68- 

69* 

20 

1.00 

.98 

- 

- 

- 

- 

- 

- 

- 

- 

- 

72* 

21.. 

1.00 

.92 

- 

- 

.0790 

.0510 

.1300 

4.51 

3.2000 

.0025 

69* 

70* 

22..         .         .        . 

1.00 

.98 

- 

- 

- 

- 

- 

- 

- 

- 

70- 

73* 

23..        .         .        . 

1.00 

.99 

- 

- 

- 

- 

- 

- 

- 

- 

70* 

70* 

24 

1.00 

.71 

- 

- 

- 

- 

- 

- 

1 

- 

71' 

69* 

26 

- 

.25 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

26 

1.00 

.77 

- 

- 

- 

- 

- 

- 

- 

- 

70* 

68* 

27 

1.00 

.86 

- 

- 

- 

- 

- 

- 

- 

- 

- 

67' 

28..        .        .       . 

1.00 

.94 

1 

- 

- 

.0700 

.0430 

.1130 

6.71 

3.0000 

.0010 

IV 

67> 

29.. 

1.00 

.94 

- 

- 

- 

- 

- 

- 

- 

- 

70- 

67* 

80..        .        .       . 

1.00 

.91 

- 

- 

- 

- 

- 

- 

- 

- 

71' 

70* 

81.. 

1.00 

.93 

- 

- 

- 

- 

- 

- 

- 

- 

72* 

72* 

Effluent  oolorleM.  from  clear  to  deddodly  turbid,  and  with  little  or  no  ■cdlment. 
Total  efflaent  to  end  of  mooih,  85.61  gallona. 
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Filter  Tank  No.  15  a  —  Continued. 

September,  1M». 


1,. 

2.. 

8.. 

4,. 

6>. 

6,. 

T.. 

8,. 

9,. 
10,. 
11,. 
12,. 
13,. 
14,. 
15,. 
16,. 
17,. 
18,. 
19,. 
20,. 
21.. 
22,. 
23,. 
24,. 
25,. 
28,. 
2J.. 
28,. 
29.. 
30,. 


S5 


.26 


Ammokia. 


ga 


NITK)«.1IA8       "^'Ifr^t 


g      '^ 


1.00 
1.00 
1.00 
1.00 


.74 


1.00 
.95 


2.20 


30.00 


.1360 


.0280 


1640      5.76     2.8000 


I 


1.00 
1.00 


.1670 


.0540 


2.4000 


69* 

-  I    71*     74' 
.0014      72*  j  7ir 

-  i     -       - 


1.00 


1.00 


.02 


1.00 


.95 


1.00 


1.00 
1.00 


.97 


.1580 


.0460 


.2040      6.70 


72*  69* 

-  ^ 

70*  «• 

68*  66* 

6S*  68* 

67'  C 


1.00 
1.00 
1.00 


.80 


1.00 


.1500 


1.00 


1.00 


.28 


5.91 


1.8000 


.0010 


-  sr 

-  65* 

-  er 


l.(}0 
1.00 


.0040 


.0146 


.0186 


5.52     1.7000 


1.00 


:  61' 

er 

65* 
61* 
ST* 


1.00 


1.00 


1.00 
1.00 


1.00 
.98 


6.03 


1.0000 


1.00 


.73 


I 


«• 


Effluent  colorleM,  with  from  sIlKht  to  gr^at  turbidity  and  littlo  or  no  eedimeDt. 
After  September  19,  one-half  of  the  sewage  applied  waa  put  on  in  the  forenoon  and  one-half  in  Uj« 
afternoon. 

Total  effluent  to  end  of  month,  109.84  gallons. 
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FiUer  Tank  No.  15^  — Continued. 


Rbsidub  ok 
evapobation. 

AuxoaiA. 

j 

1     KlTBOOBKAB 

Tbmpbb- 

ATL'BB. 

Datb. 

i 

i. 

1 

f 

1 

S 

f 

1 

i 

1.  .        .        . 

2.  .         .        . 

5.  .         .        . 
4,         .         .        . 

6.  .         .        . 

6,  .         .        . 

7.  .         .        . 



0.         .         .        . 

10.  .         .        . 

11.  .         .        . 

12.  .         .        . 

13.  .         .        . 

14.  .         .        . 
16,         .        .        . 

16,  .        .        . 

17,  ... 

18,  .        .        . 
10,         .        .        . 

20.  .        .        . 

21.  .        .        . 

22.  .        .        . 

23.  .        .        . 

24.  .        .        . 

25.  .        .        . 

26.  .        .        . 

27.  .        .        . 

28.  .        .        . 
28.         .        .        . 

80,  .        .        . 

81,  .        .        . 

1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 

1.00 
.97 
.98 

1.00 

.oa 

.80 

.76 

1.03 

1.02 

1.00 

1.00 

.90 

.27 

.71 

1.03 

1.00 

1.01 

1.00 

1.01 

.80 

.73 

1.01 

1.03 

1.01 

1.06 

1.04 

.80 

.79 

1.00 

1.01 

. 

- 

.0264 

.0906 
.1110 
.1380 
.1420 

.0740 

.0700 
.1940 

.1450 

.0300 

.0300 
.0410 
.0480 
.0300 

.0220 

.0270 

.0420 

r 
.0290 

.0604 

.1296 
.1520 
.1860 
.1780 

.0960 

.0070 

- 

.2460 
.1740 

7.09 

6.67 

• 

6.62 
6.55 
6.37 

5.07 

6.22 
6.72 

i 
7.67 

2.1000 

27.0000 

64.0000 

64.0000 
1 
60.0000 

15.0000 

9.6000 
5.0000 

3.6000 

.0014 

.0050 
.0030 
.0100 
.0100 

.0020 

.0016 

.0018 

-      1 

1 
1 

-   1 

- 

63* 
59* 
69* 
60- 
55* 

57* 
64- 

63* 

53' 

bar 
w 

49- 
53* 
63* 
54* 
6o« 

W 

6r 

47* 
AV 
60» 
52* 

54" 

61* 
49* 
61* 

Efflaeni  oolorletB.  from  clear  to  decidedly  tarbid,  and  generally  with  Blight  Bedlraent. 

October  7  to  October  12.— PotaBainm  nitrate  (saltpetre)  added  to  sewaire.  equivalent  to  72  partB  of 
nitrogen  per  100,000.  After  October  22.  —  Salphurio  acid  added  to  aewago,  eqaivalent  to  22.5  pari«  por 
100,000. 

Total  efflnent  to  end  of  month.  137.14  gallone. 
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Filler  Tank  No.  15^— Continned. 


|5 

|! 

Rbsidur  oir 

EVAPOKATION. 

AXXOSHA. 

i 

NlTBOGiy  At 

ATTU. 

DATS.     ^ 

i 

1 

1 

1^- 

< 

1 

i 

S 

i 
1 

.j 

1..           .           .           . 

2, 

8 

4 

6 

«,.... 

7 

8,.        .       .        . 

« 

10 

11 

12 

13..        .        .        . 
14,. 

15 

18 

" 

18,.        .        .        . 
19,.        .        .        . 

20 

21,. 

22 

28..        .        .        . 
24,.        .        .        . 

25 

20 

27,.        .        .        . 
28,.        .        . 

29 

80 

1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.01 

1.05 

.81 

.74 

.98 

1.01 

1.03 

1.05 

1.04 

.31 

.80 

1.04 

1.04 

1.06 

.94 

.98 

.80 

.76 

l.Ol 

1.06 

1.04 

1.03 

1.04 

.32 

.76 

.93 

1.08 

1.04 

1.00 

.96 

9.40 

84.40 

.3300 
.6300 
.6000 
.7500 
.6000 

.0420 
.1400 
.0500 
.0300 
.0600 

! 

.3720 

1 

1 

1 

.6700  1 

1 

i 
.6500 

1 

.7800 
.6600 

7.12 
6.02 

5.87 

- 

1 
5.57 

- 
6.23 

1 

2.2000 

1.8000 

.9000 

.7500 

.4000 

.0012 
.0010 
.0014 

.0016 

r 

.0060 

t 

1  _ 

5P 

a* 

5f 
48* 

47 

sr 
sr 
s? 

sr 

ST 

5r 
sr 
«• 

4r 

4r 

«r 

ar 
&r 
*r 

45* 

47 

4r 

4? 

Rfllaent  colorleM,  with  from  very  slight  to  ffreat  turbidity,  and  generally  no  ■edlmeoL 
ToUl  efBuent  to  end  of  month,  163.94  gallona. 
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Filter  Tankjio.  i5^— Continued. 


1899. 

II 

it 

Rasxorc  on 
Evaporation. 

AmfOHiA. 

l' 

NlTBOGBN  A8 

Tkmpbr- 

ATUU. 

I>ATS. 

i 

1 

1 

5 

1 

» 

1 

1 

i 

1 

2..        .        .        . 

8..        .        .        . 

4,. 

5 

6,. 

7 

8,.        .        .        . 

9 

10,.        .        .       . 

" 

w 

13 

14 

15 

18..        .        .        . 

17 

18 

19,.        .        .        . 
20,.        .        .        . 
21,.        .         .        . 

22 

28 

24.. 

25 

26 

27 

28 

28 

SO,. 

31 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
I.OO 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 

.27 

.80 

1.00 

1.00 

1.04 

1.00 

1.06 

.30 

.78 

1.00 

1.01 

1.03 

1.04 

1.00 

.31 

.79 

1.04 

1.04 

1.07 

1.08 

1.04 

.32 

.74 

1.04 

1.16 

.97 

.08 

1.05 

.84 

.86 

.88 

1 

1 

- 

.6500 
1.0000 

.9500 
1.0000 

.0600 
.0800 
.0400 
.0500 

.7100 
1.0800 

.9900 
1.0500 

6.43 
5.23 
5.50 
6.87 

.2500 
.8000 
.4900 
.2900 

.0006 
.0078 
.0020 
.0016 

44* 

44* 
44* 

40* 
42- 
43* 
45- 

49« 
46' 
46' 
44* 
46- 
40- 

43* 
43* 
43' 
47* 
47' 
49* 

43* 
44* 

46» 
43* 
44- 

44* 

42* 

Sfflaent  colorleM.  generally  clear  or  nearly  bo,  and  with  no  sediment  or  some  white  floceulent. 
Total  effluent  to  end  of  month,  190.98  gallons. 
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Filter  Tank  No,  i5^—  Contiiiued. 


1,. 

2.. 

8,. 

4.. 

6.. 

«,. 

7,. 

8.. 

»,  . 
10,. 
11,. 
12,. 
13,. 
14,. 
15,. 
16.. 
17,. 
18,. 
W.  . 
20,. 
21,. 


So 


1.00 
1.00 
1.00 
1.00 


6S 

I- 


.05 

1.07 

1.00 

.00 

.82 

.72 

1.00 

1.01 


Bbsiddb  oh 
Evaporation. 


0.40 


AlOCONU. 


iB 


.0700 


1.0200 


NITIOOKS  AB 


TniPKv- 

ATCIK. 


6.S0 


.2500 


43* 

M* 

44« 


1.00 
1.00 
1.00 
1.00 
1.00 
1.00 


1.00 
1.00 
1.00 
1.00 
1.00 
l.OO 


1.00 

1.06 

.34 

.79 

1.00 

1.03 

1.04 

1.00 

1.01 

.85 

.40 

.48 

.50 


1.0000 


.0700 


1.0700 


0.67 


.1400 


l.OQOO 


4.44 


.1500 


44' 
44' 
45* 

39* 


43* 
44' 
41' 

44* 

38* 
41* 


4r 

4V 

ST 

ST 


23,. 
24,. 
26,. 
26,. 
27,. 
28,. 
29,. 
80,. 
81,. 


.51 
.58 
.25 
.78 
.09 
1.07 
.91 
.98 


1.4000 


1.6300 


4.47 


.1200 


.0010 


40* 


1.00 
1.00 
l.OO 
1.00 
1.00 


40* 
45' 

AT  ; 

39" 

sr 


35" 
40" 
»• 
SB* 


1.6000 


.0500 


4.42 


.1000 


Effluent  colorlofls,  generally  nearly  clear,  and  with  no  Bedlment  or 
ToUl  effluent  to  end  of  month,  215.52  gailona. 


white  floconleDU 
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Filler  Tank  No.  15a—  Concluded. 


Ii 

a 

<y 

it 

Rksidub  on 
Evaporation. 

AXMONIA. 

1 

NlTSOOKM  AS 

Tkmpeb- 

ATCBK. 

Datb. 

1-^ 

1 

1 

i^ 
^ 

% 

1 

g 

1 

1 

1..         .        .        . 

2..         .        .        . 

3,.         .         .        . 

4 

6,  . 

«,  . 

7,.         .        .        . 

8 

» 

10,.         .        .        . 

11,. 

12,.         .        .        . 

IS..         .        .        . 

U.  . 

15,.        .        .        . 

1« 

17 

18.  .    .    . 

w 

20 

21 

«» 

28..        .        .        . 

24 

25..        .        .        . 
25,.        .        .        . 

27 

28,.        .        .        . 

1.00 

1.00 
1.00 
1.00- 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 

1.00 

.26 

.77 

1.06 

1.03 

.08 

1.04 

1.02 

: 

.73 

1.03 

1.04 

1.03 

1.04 

1.00 

.30 

.80 

1.00 

1.03 

1.03 

1.02 

1.03 

.29 

.84 

1.04 

1.07 

1.03 

1.01 

" 

1.1000 

i.gooo 

1.5000 
1.5000 

.0800 
.0000 
.0700 
.0700 

1.1800 
1.0600 
1.5700 
1.6700 

4.50 
4.40 
4.88 
4.18 

i 

.1000 

« 

.0000 
.0700 
.0700 

- 
.0010 

.0018 

.0014 

.0020 

43- 

4r 

43- 
41' 
47* 
40* 
40- 
44* 

42- 
44* 
44- 

43' 
46- 

44- 

40* 
30» 
39- 
34* 
36* 

43* 
43- 
46" 
45- 
45- 

Efflnent  generally  colorless,  with  Trom  slight  to  distinct  turbidity,  and  with  little  or  do  sediment. 
Total  effluent  to  end  of  month,  240.32  gallons. 
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FiUer  Tank  No.  15  a^  Ck>ntinued. 


1.. 
2.. 
8,. 
4,. 
«,. 
«,. 
T.. 
8,. 


^1 


^1 


1.00 
1.00 
I.OO 
1.00 


.05 

1.07 

1.00 

.90 

.32 

.72 

1.00 

1.01 


Rbsidue  oh 
Evaporation. 


f3 
|5 


0.40 


106.60 


AlCMOKU. 


.0500 


1.0200 


Nino«K5  AS  I  \'^^- 


6.30      .2500  I 

I 


1.00 
1.00 
1.00 
1.00 
1.00 
1.00 


44" 

-  «• 

-  45" 

-  ■  ue 


0.. 
10.. 

11.. 

12.. 
18,. 
U.. 

w.. 

10.. 
17.. 
18,. 
19.. 
20. . 
21.. 
22,. 
23,. 
24.. 
25.. 
.28,. 
27.. 
28,. 
29,. 
80.. 
31,. 


1.00 
1.00 
1.00 
1.00 
1.00 
1.00 


1.00 
1.06 
.84 
.79 
1.00 
1.03 
1.04 
1.00 
l.Ol 


1.0000 


1.0700 


6.67  . 


.1400 


1.0000 


.0600 


1.0600 


4.44 


.1500 


.0012 


44* 

41' 

4r 

ST 


.40 
.48 
.60 
.63 
.51 
.58 
.25 
.78 
.09 
1.07 
.91 
.98 


4r 

I  46* 


1.4000 


.1300 


4.4T 


.1900 


.0010      40"    37 

I       i 


1.00 
1.00 
1.00 
1.00 
1.00 


I    - 


.0500 


1.6500 


4.42  I 


.1000 


40*  »• 

45'  33" 

-  43*  40* 

-  '    S»*  »• 

.0018  ,  38"  r 


Effluent  colorloM,  generally  nearly  clear,  and  with  no  sediment  or  tome  white  llooealent. 
ToUl  effluent  to  end  of  month.  215.52  gallons. 
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FiUer  Tank  No.  15  a—  Concluded. 

Fehniary,  ISA*. 


....           .  __     . 

1 

Rksidur  on 
evapoiution. 

Ammonia. 

Chlonne. 

NiTROOKN  AS 

Tkmpkr- 

ATCRK. 

Date. 

^"3 

i 

1 

1 

^ 

i 
1 

1 

1 

1 

1 

1.00 

1.00 

» 

- 

. 

- 

- 

'- 

"      1 

43' 

4r 

2..        .        .        . 

- 

.26 

- 

- 

- 

- 

- 

- 

" 

- 

- 

5 

1.00 

.77 

- 

- 

- 

- 

- 

- 

- 

- 

- 

43- 

4 

1.00 

1.05 

- 

- 

- 

- 

- 

- 

- 

-   ; 

- 

4r 

6 

1.00- 

1.03 

- 

- 

- 

- 

- 

- 

- 

.  i 

- 

AV 

« 

1.03 

.08 

- 

- 

- 

- 

- 

- 

- 

.  1 
I 

- 

40* 

7,.         .         .        . 

1.00 

1.04 

- 

- 

1.1000 

.0800 

1.1800 

4.60 

.1000 

.0010 

- 

40* 

8 

1.00 

1.02 

- 

- 

- 

- 

- 

- 

- 

1 

- 

44' 

10 

1.00 

.73  1 

- 

: 

: 

- 

: 

" 

< 

" 

~ 

_ 

11 

1.00 

1.03  1 

- 

- 

- 

- 

- 

- 

- 

- 

42- 

12..         .         .        . 

l.OO 

1.04  1 

- 

- 

- 

- 

- 

- 

_ 

- 

- 

44- 

1^ 

1.00 

1.03 

- 

- 

- 

- 

- 

- 

- 

- 

- 

44* 

u 

1.00 

1.04 

- 

- 

1.9000 

.0600 

1.9800 

4.40 

.0900 

.0016 

- 

43' 

15..         .         .        . 

1.00 

1.00 

- 

- 

- 

- 

- 

- 

- 

- 

46* 

1« 

- 

.30 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

17 

1.00 

.80 

- 

- 

- 

- 

- 

- 

- 

- 

- 

44« 

18..    .    .        .        . 

1.00 

1.00 

- 

- 

- 

- 

- 

- 

- 

- 

- 

40* 

19..         .        .        . 

1.00 

1.03 

- 

- 

- 

- 

- 

- 

- 

- 

- 

39« 

20 

1.00 

1.03 

- 

- 

- 

- 

- 

- 

- 

- 

- 

39* 

21 

1.00 

1.02 

- 

- 

1.6000 

.0700 

1.5700 

4.88 

.0700 

.0014 

- 

34* 

22 

1.00 

1.03 

- 

- 

- 

- 

- 

- 

- 

- 

- 

35' 

2S..        .        .        . 

- 

.29 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

" 

1.00 

.84 

- 

- 

- 

- 

- 

- 

- 

- 

- 

43* 

25..        .        .        . 

1.00 

1.04 

- 

- 

- 

- 

- 

- 

- 

- 

- 

48* 

2«,.        .        .        . 

1.00 

1.07 

- 

- 

- 

- 

^ 

- 

- 

- 

- 

4«' 

27 

1.00 

1.03 

- 

- 

- 

- 

- 

- 

- 

- 

- 

45* 

28 

1.00 

1.01  ! 

1 

- 

- 

1.5000 

.0700 

1.5700 

4.18 

.0700 

.0020 

- 

45« 

Efflnent  generally  eolorlesB,  with  from  sUsrht  to  distinct  turbidity,  and  with  little  or  no  sodiment. 
Total  effluent  to  end  of  month,  240.32  gallons. 
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Bacteria  found  in  a  Cubic  Centimeter  of  Effluent  from 

Tank  No.  15 A. 

Date. 

Namber 

of 
Bacteria. 

Date. 

Namber 

of 
lUcteria. 

Datb. 

Komber 

of 
Bacteria. 

1                   Ik..i» 

,        Datb.             of 
1                     -      Bacteita. 

1889. 

1 

1889 -Con. 

1869- Con. 

'    1899 -Con. 

July     30,     . 

093 

Sept.    24,     . 

3S.500 

Dec.      4,     . 

495 

Jan.     21,     . 

i 

ADg.       «.       . 

101     1 

Oct.       2.     . 

667 

10,     . 

247 

i              28.     . 

1,518 

12.     . 

50    1 

.  10,     . 

31 

17,      . 

232 

Feb.      4,     . 

62 

10,     . 

85 

Ifl.     . 

168 

1890. 

8.     . 

3.83 

27.     . 

1.050    ; 

26,      . 

40 

Jan.      1,     . 

288 

11.     . 

81 

Sept.      2.      . 

83 

Nov.      6,     . 

41 

7,     . 

198 

14,     . 

2Ia 

10.     . 

2.387 

16,     . 

147 

14,     . 

1,029 

18.     . 

226 

16,     . 

m 

21,     . 

3 
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FILTER    TANK    N"o.    16a. 


Small,  Clean  Gravel  Stones. 

After  removing  the  peat  and  sand  fropi  the  Saugus  Marshes 
which  had  been -in  Tank  No.  16  up  to  Jane  28,  1889,  this  tank 
was  filled  with  gravel.  The  bottom. was  covered  to  the  depth  of 
two  inches  with  stones  that  would  not  so  throuo:h  a  screen  havin<? 
meshes  three-fourths  of  an  inch  square.  The  remaining  depth  of 
five  feet  and  five  inches  was  filled  with  gravel  that  would  not  go 
through  a  screen  having  a  mesh  one-eighth  of  an  inch  square,  but 
would  go  through  one  having  a  mesh  three-eighths  of  an  inch 
square.  The  gravel  was  wet  when  sewage  was  first  applied,  as  it 
had  been  washed  to  remove  all  particles  of  sand  before  being  put 
into  the  tank. 

Sewage  was  first  applied  on  July  9,  and  the  90  gallons  of  wet 
gravel  was  filled  by  29.5  gallons  of  sewage,  and,  upon  being 
drained,  this  quantity  flowed  out.  The  amount  of  air  space  was 
then  29.5  gallons,  or  33  per  cent,  of  the  whole  space  occupied  by 
the  gravel.  The  amount  of  water  held  upon  and  between  the 
stones  was  not  measured. 

The  results  of  chemical  analyses  of  the  efllucnt  and  the  daily 
observations  upon  this  tank  are  given  in  tables  at  the  end  of  this 
section. 

The  monthly  averages  of  the  chemipal  analyses  of  the  efiluent 
and  of  the  sewage  applied  are  given  in  the  following  table,  which 
contains  also  the  daily  quantity  of  eflluent  and  its  temperature,  and 
the  number  of  bacteria  found  in  a  cubic  centimeter :  — 
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MoiUhly  Averages  of  Daily  Results  with  Tank  No.  16  a. 

t 

Rrsidub  osr 

EVAFOKATIOX. 

AVVOXIA. 

s 

1 

KiTitOGs:r  1 

1     " 

i 

a 

1 

1 

Datb. 

i 

t 

1 

1 

1 

^ 

S 

•tl 
111 

'A 

1889. 

July  23-Aug.  0, 
Aug  1-16,.        . 

Sewage,  . 
Kffluent, . 
Per  cent.. 

.43! 

22.20 
3.40 
15 

80.62 
34.16 
86 

2.1217 
.1140 
5 

.5258 
.0117 
2.2 

2.6475 
.1257 
5 

5.05 
•3.80 

.0000 
,4.7750 

.0000 
.0169 

71' 

Aug.10-Sept.l4, 
Aug.l7-8ept.l8, 

Sewage,  . 
Effluent, . 
Per  cent.. 

.82 

33.31 
1.00 
6 

47.06 
32.50 
Qd 

1.0300 
.0371 
1.0 

.8488 
.0206 
2.4 

3.7788, 
.0577 
2.1 

6.61 
5.64 

.0000 
3.2333 

.0002 
.0007 

70* 

221 

Bept.l5-Oct.20. 
Sept.10-Oct.2-i, 

Sewage,  . 
Effluent, . 
Per  cent.. 

1.71 

: 

- 

1.0348 
.0100 
.5 

.8304 
.0230 
2.8 

2.7652. 
.0330 
1.2 

4.86 
6.22 

.0004  .0001' 
1.3320  .0004 

57' 

5,1M 

Oct.  21-Nov.  29, 
Oct.  23-Nov.  30, 

Sewage,  . 
Kffluent, . 
Per  cent.. 

3.87 

26.21 
2.80 
11 

23.08 
25.40 
01 

1.0522 
.0364 
1.0 

.6287 
.0360 
6 

2.5800 
.0724 
2.8 

5.3? 
5.53 

.0000  .0000 
1.1067  .0017 

r-r 

Nov.80-Dec.30, 
December,        p 

Ill 

8.40 

- 

- 

1.1604 
.0058 
.5 

.4706 
.0300 
6 

1.6400 
.0358 
2.2 

6.12 
6.58 

.0067 
1.1380 

.0006 
.00U9 

44* 

- 
8,881 

I890. 

1 

I)eo.  81-Jan.  30, 
January,    . 

Sewage, . 
Effluent, . 
Per  cent., 

3.44 

32.70 
2.30 

7 

23.01 
24.40 
102 

1.4466 

.0187 
1.3 

.6101 
.0331 
6 

2.0656 
.0518 
2.5 

'4.76 
4.06 

i  - 

.0000  .0000      . 
.0500.0007    iT 

'     1    " 

S,«5 

Jan.  Sl-Feb.  27, 
February, . 

Sewage,  . 
Effluent, . 
Per  cent.. 

3.53 

- 

- 

1.5669 
.0085 
6 

.8381 
.0600 

7 

2.4060 
.1504 

7 

'4.42 

4.29 

.0000  .0001 
1.0500  .0031 

1 

5,4H 

1       ■ 

No  analyses  of  the  effluent  were  made  until  August  5,  although 
one-half  gallon  of  sewage  had  been  applied  daily  since  July  23. 
The  first  analysis  was  as  follows  :  — 

Free  ammonia, .2200 

Albuminoid  ammonia, .0180 

Chlorine, 8.6C 

Nitrates, 4.2000 

Nitrites, 0.0440 

It  will  be  seen  that  nitrification  was  then  very  active,  four  weeks 
after  the  application  of  the  first  sewage.  The  ammonias  were, 
however,  still  high,  but  they  rapidly  decreased,  while  the  nitrates 
increased  to  5  parts  per  100,000  od  August  16.  After  this  date  the 
quantity  of  sewage  was  increased  to  1  gallon  per  day.  This  quan- 
tity was  continued  to  September  18,  when  the  effluent  gave  the 
following  analysis :  — 

Free  ammonia, .0140 

Albuminoid  ammonia, .0210 

Nitrates, 2.4000 

Nitrites, 0004 
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At  this  time  the  sum  of  the  ammonias  was  2  per  cent,  of  the  sum 
of  ammonias  of  the  sewage. 

From  September  19  until  October  22,  the  quantity  of  sewage 
applied  daily  was  2  gallons.  This  was  at  first  applied,  one  gallon  in 
the  morning  and  one  gallon  in  the  evening ;  and  the  analysis  con- 
tinued for  three  weeks  nearly  the  same  as  on  September  18.  After 
October  7  about  one-ninth  of  the  quantity  was  applied  hourly  for 
nine  hours  of  the  day.  This  was  continued  for  two  weeks,  in  which 
time  the  ammonias  were  much  reduced,  and  the  nitrates  also  fell,  but 
aftei*wards  increased.     The  last  analysis  was  as  follows  :  — 

Free  ammoDia, .0118 

Albuminoid  ammonia, .0148 

Nitrates, 1.2500 

The  purification  at  this  time  was  more  complete,  the  sum  of 
ammtmias  of  tjje  effluent  being  but  one-half  of  one  per  cent,  of 
those  of  the  sewage.  After  October  22  the  quantity  was  still 
further  increased  to  4  gallons  a  day,  on  six  days  of  the  week,  one- 
ninth  of  which  was  applied  hourly.  For  the  first  two  weeks  after 
the  increase  in  quantity,  the  ammonias  increased,  and  became  about 
three  per  cent,  of  those  of  the  sewage.  The  nitrates  also  increased 
to  1.8000  parts.  The  ammonias  continued  to  decrease  until  the 
middle  of  December,  when  the  effluent  gave  the  following  analy- 
sis :  — 

Free  ammonia, .0012 

Albuminoid  ammonia, .  .0278 

Nitrates, 1.0000 

Nitrites, 0004 

and  the  sum  of  ammonias  was  about  2  per  cent,  of  the  sum  of 
ammonias  of  the  sewage.  After  this,  for  the  next  two  months  and 
a  half,  the  nitrification  continued  high,  averaging  1.0500  pirts. 
The  free  ammonia  and  albuminoid  ammonia  increased,  and  on  the 
last  of  February  the  effluent  gave  the  following  analysis  :  — 

Free  ammonia, .0048 

Albuminoid  ammonia, .0508 

Nitrates, 1.8000 

Nitrites, 0026 

At  this  time  the  sum  of  ammonias  of  the  effluent  amounted  to 
*7  per  cent:  of  the  sum  of  ammonias  of  the  sewage. 
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During  these  four  months,  in  which  the  quantity  filtered  has  been 
at  the  average  rate  of  70,000  gallons  per  acre  per  day,  the  nitrated 
have  averaged  1.0612  parts,  and  the  percentage  of  the  sum  of 
ammonias  of  the  sewage  in  the  effluent  has  been  for  the  several 
months  2.8  per  cent.,  2.2  per  cent.,  2.5  per  cent-  and  7  per  cent. 

Up  to  Feb.  1,  1890,  the  surface  of  the  gravel  appeared  clean,  but 
since  that  date  there  has  been  some  deposit  of  organic  matter. 

This  filter  of  small  gravel-stones,  containing  no  sand,  has  for  four 
months  had  sewage  applied  to  the  depth  of  about  one-third  of  an 
inch  on  its  surface  at  hourly  intervals  for  nine  hours  of  the  day,  and 
has  given  an  eflluent,  colorless  and  generally  clear  or  with  slight 
turbidity,  and  with  slight  odor;  and  having  for  three  months  97 
per  cent,  and  for  the  last  month  93  per  cent,  of  the  organic  matter 
of  the  sewage  removed. 

The  increase  of  impurity  in  the  effluent  during  the  last  month 
indicates  that  this  quantity  of  70,000  gallons  per  ac^e  daily  is  more 
than  this  material  can  continue  to  purify,  although  it  is  not  impn)b- 
able  that  this  amount  of  impurity  may  increase  through  the  month 
of  March,  after  which  the  increased  nitrification  of  the  spring  months 
may  remove  stored  impurity  from  the  gravel,  so  that  it  may  after- 
ward go  on  purifying  more  completely  for  several  months. 

Bacteria  in  the  Effluent  from  Tank  No.  16  a. 

A  table  of  the  number  of  bacteria  found  in  the  effluent  of  this  tank 
may  be  found  following  the  tables  of  chemical  analyses ;  and  the 
monthly  averages  of  the  number  may  bo  found  in  the  preceding 
table  of  monthly  averages. 

AVhile  one-half  a  gallon  of  sewage  was  being  applied  daily,  the 
number  of  bacteria  in  the  effluent  averaged  9  per  cubic  centimeter. 
After  the  quantity  was  increased  to  one  gallon,  the  average  number 
was  270.  When  2  gallons  a  day,  or  the  equivalent  of  40,000  gallons 
per  acre  per  day,  were  being  filtered,  the  number  averaged  5,120; 
and  during  the  last  four  months,  when  the  quantity  filtered  on  week 
days  was  at  the  rate  of  80,000  gallons  per  acre  per  day,  the  average 
number  of  bacteria  found  in  the  effluent  has  been  4,675,  which'  U 
nearly  1  per  cent,  of  the  number  of  bacteria  found  in  the  applied 
sewage. 

NoTB.  —  After  the  increased  nitriflcatlon  In  the  spring  of  1890  the  deposit  was  consnmed.Mwi 
the  qaalitj  of  the  effluent  was  so  much  improved  that  the  daily  quantity  wa:)  increased  to 
100,000  gallons  per  acre,  with  excellent  results  through  the  summer. 
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Purification  by  Nitrification  not  Dependent  upon  Fine 

Straining. 

The  results  obtained  with  these  small  gravel  stones,  as  well  as 
with  the  coarser  stones  of  Tank  No.  15  a,  enable  us  to  comprehend, 
more  clearly  than  when  considering  the  results  with  sand,  that  the 
purification  of  sewage  by  nitrification,  and  the  removal  of  bacteria, 
is  Dot  to  any  essential  degree  mechanical.  It  is  not  a  straining 
through  fine  pores. .  In  fact,  the  passing  of  sewage  through  filter 
paper  in  the  laboratory  which  has  pores  so  fine  that  the  process  has 
been  regarded  as  removing  from  a  liquid  all  matter  not  in  solution, 
removes  from  our  sewage  but  II  per  cent,  of  the  sum  of  ammonias, 
and  about  80  per  cent,  of  the  bacteria ;  while  the  slow  moving  of 
the  sewage  in  thin  films  over  and  between  stones  as  large  as  the  ball 
of  one's  thumb  causes  the  removal,  for  months  at  a  time,  of  97  per 
cent,  of  the  sum  of  ammonias,  and  of  99  per  cent,  of  the  bacteria. 
The  removal  is  not  a  mechanical  one  of  holding  back  these  substances, 
but  a  chemical  change,  in  which  these  organic  substances  are  burned, 
forming  products  of  mineral  matter  which  pass  off  daily  in  the  purified 
liquid. 
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ov 

CHEMICAL  ANALYSES  OF  THE  EFFLUENT, 
DAILY  OBSERVATIONS 

Upon    Filter    Tank    ISTo.   16a. 


July,  1S80. 

The  quantity  of  sewago  applied  and  effluent  from  tank  In  gallons  were  aa  followa  : 

— 

Datk. 

0. 

< 

IT 

1^ 

DATS. 

0. 

1- 

Datb. 

V 

9, 
10, 
11. 
12. 
18. 
14, 
16, 
10. 

20.04 
.47 

28.95 
.32 

20.40 
.23 

20.00 
.17 
.15 
.12 

17.  . 

18.  . 
10.    . 

20.  . 

21.  . 

22.  . 

23.  . 

24.  .        . 

1         " 

.60 
.80 

.11 

.10 

.05 

.07 

.06 

1 
.00 

.10 

.42 

25. 
20. 
27. 
28. 
20, 
30. 
31. 

i        .60 
.50 
.50 

.50 

.50 
.50 

1 

.43 
.M 
.43 
.20 
.37 
.49 

ToUl  effluent  to  end  of  month,  03.06  gallons. 
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FiUer  Tank  No.  2  tf^— Continued. 


1 

Rksidck  ok 

EVAPOBATION. 

Ammonia. 

• 

Kitrogb:*  as 

Tkmpkr- 

ATUKK. 

Date. 

i 

1 

1 

1^ 

1 

1 

55 

1 

1 

1 

.60 

.63 

« 

«, 

» 

« 

. 

^ 

» 

. 

72- 

« 

2 

.60 

.47 

- 

- 

- 

- 

- 

- 

- 

- 

72* 

- 

3,.        .        .        . 

.50 

.48 

- 

- 

- 

• 

- 

- 

- 

- 

72* 

- 

4 

- 

.22 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

6,. 

.60 

.20 

2.80 

32.30 

.2200 

.0180 

.2380 

3.M 

4.2000 

.0440 

71* 

- 

6,.        .        .        . 

.50 

.43 

- 

- 

- 

'    - 

- 

- 

- 

- 

- 

- 

7 

.60 

.47 

- 

-    • 

- 

- 

- 

- 

- 

- 

71* 

- 

8,.        .         .        . 

.60 

.47 

- 

- 

- 

- 

- 

- 

- 

- 

72* 

- 

»,.        .        .        . 

.60 

.60 

4.20 

36.00 

!.«o« 

.0110 

.1410 

3.91 

4.8000 

.0180 

71* 

- 

10..        .         .        . 

.60 

.39 

- 

- 

- 

- 

- 

- 

- 

7r 

- 

11 

- 

.22 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

12,.       \        .        . 

.60 

.28 

- 

" 

- 

- 

- 

- 

- 

- 

70- 

- 

18 

.60 

.« 

- 

- 

- 

■    - 

- 

- 

- 

- 

- 

14..         .         .        . 

.50 

.62 

- 

.0600 

.0100 

.0700 

3.82 

5.1000 

.0040 

68* 

- 

15..         .         .        . 

.60 

.40 

- 

- 

- 

- 

- 

- 

- 

- 

68- 

- 

M 

160 

.60 

- 

" 

.0400 

.0080 

.0540 

8.82 

5.0000 

.0018 

08* 

- 

IT.. 

1.00 

.97 

- 

- 

- 

- 

- 

- 

- 

- 

60* 

- 

18 

- 

.21 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

M 

1.00 

.75 

- 

- 

- 

- 

- 

- 

- 

- 

88* 

70» 

20 

1.00 

.97 

- 

- 

- 

- 

- 

- 

- 

- 

- 

71* 

21,  . 

1.00 

.94 

- 

: 

.0520 

.0210 

.0730 

4.17 

4.6000 

.0020 

70- 

68* 

22..         .         .        . 

1.00 

.97 

72* 

23,.     V        .        . 

1.00 

1.02 

- 

■t 

- 

- 

- 

- 

- 

70* 

70* 

24,.        .        .        . 

1.00 

.72 

- 

- 

- 

- 

- 

- 

- 

71* 

70- 

26 

- 

.24 

- 

- 

- 

- 

- 

- 

- 

- 

- 

» 

1.00 

.80 

- 

- 

- 

- 

- 

- 

- 

- 

70- 

OS- 

27  

1.00 

.88 

- 

- 

- 

- 

- 

- 

- 

- 

- 

es* 

28. . 

1.00 

.98 

- 

- 

.0490 

.0210 

.0700 

6.50 

3.4000 

.0010 

71* 
70* 

er 

.20..        .        .        . 

1.00 

.97 

er 

30.. 

1.00 

.88 

- 

- 

- 

- 

- 

- 

- 

- 

71- 

71* 

« 

1.00 

.95 

- 

- 

- 

- 

- 

- 

- 

- 

72* 

72* 

Efflnent  coIorleM,  generally  clear  or  nearly  so.  and  "with  very  Utile  or  no  sediment. 
Total  effluent  to  end  of  month,  82.18  gallons. 
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Filter  Tank  No.  19^— Continued. 

I8S». 


i 

•s. 

li 

3  » 

1   Kksiuur  ox 
Evaporation. 

AMMONIA. 

i 
S 

NiTBOGBX  AS 

TBxnx- 

ATTSK 

Date. 

i-^ 

£ 

1 

1 

^ 

1 

,'§ 

1 

. 

.25 

« 

« 

_ 

_ 

« 

_ 

» 

« 

_ 

2,.        .       .       . 

1.00 

.70 

- 

- 

- 

- 

- 

. 

- 

- 

1  n'   :(r 

3..        .        .        . 

1.00 

.07 

1.90 

32.60 

.0440 

.0280 

.0700 

5.87 

3.0000 

.0002 

-  't? 

4..        .        .        . 

1.00 

.06 

- 

- 

- 

- 

- 

- 

-      TT 

6 

1.00 

.08 

- 

- 

- 

- 

- 

- 

- 

- 

•T    TT 

«,.... 

1.00 

.99 

- 

- 

- 

- 

- 

- 

- 

- 

7r  1  Ti* 

T 

1.00 

.05 

- 

- 

.0134 

.0164 

.0298 

5.69 

3.0000 

.0004 

'T    W 

8..       .        .        . 

- 

.25 

- 

- 

- 

- 

- 

- 

- 

- 

-       - 

«..        .        .        . 

1.00 

.72 

- 

- 

- 

- 

- 

- 

- 

- 

jTT     «• 

10..        .        .        . 

1.00 

.95 

- 

- 

- 

- 

- 

- 

- 

- 

1         1 

-     «r 

11 

1.00 

.01 

- 

- 

.0500 

.0180 

.0680 

6.25 

3.0000 

.0005 

i  70*  i  65' 

1         1 

12..        .        .        . 

1.00 

.99 

- 

- 

- 

- 

- 

- 

- 

- 

i  as*'  w 

13 

1.00 

1.13 

- 

.     - 

- 

- 

- 

- 

- 

- 

es" 

W 

14,.        .        .        . 

1.00 

1.09 

- 

- 

- 

- 

- 

- 

- 

- 

67' 

V 

16 

- 

.36 

- 

- 

- 

_ 

- 

- 

- 

- 

1 

l^.        .        .        . 

1.00 

.79 

- 

- 

- 

~ 

- 

- 

- 

- 

es"   ir 

17..        .        .        . 

1.00 

1.03 

- 

- 

- 

- 

- 

- 

- 

- 

-    '  IT 

18 

1.00 

.95 

- 

- 

.0140 

.0210 

.0350 

6.32 

2.4000 

.0004 

oar   » 

»,  .        .        . 

2.00 

1.02 

- 

- 

- 

- 

- 

- 

- 

-  !«• 

20,.        .        .        . 

2.00 

1.95 

- 

- 

- 

- 

- 

- 

- 

" 

-    er 

21,.        .        .        . 

2.00 

1.93 

- 

- 

- 

- 

- 

- 

- 

.  ler 

22..        .        .        . 

- 

.60 

- 

- 

- 

- 

- 

- 

- 

- 

■  j  " 

28 

2.00 

1.61 

- 

- 

.0170 

.02(^ 

.0485 

6.64 

1.2600 

.0004 

.  '«• 

24,.        .        .        . 

2.00 

2.02 

- 

- 

- 

- 

- 

- 

- 

- 

-    ar 

25,. 

2.00 

2.03 

- 

- 

- 

- 

- 

- 

- 

- 

- 

«r 

26,.        .        .        . 

2.00 

2.04 

- 

- 

- 

- 

- 

- 

- 

- 

- 

er 

27..        .        .        . 

2.00 

1.96 

- 

- 

- 

- 

- 

- 

- 

- 

- 

60" 

28,.        .        .        . 

2.00 

1.96 

- 

- 

.0122 

.0280 

.0402 

6.24 

.9000 

.0004 

- 

6? 

2» 

- 

.38 

- 

- 

- 

- 

- 

- 

- 

-     ' 

- 

- 

30,.        .        .        . 

2.00 

1.66 

- 

- 

- 

- 

- 

- 

- 

-      «!• 

Efflaent  colorlees  and  generally  free  from  mdlnaeDt.  with  from  slight  to  decided  tnrbidlty.  Beptcn- 
bet  19  to  October  6.  — One-half  of  sewage  applied  was  put  on  in  the  forenoon-,  and  one-half  in  tbe 
afternoon. 

Total  effluent  to  end  of  month,  116.89  gallons. 
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FilUr  Tank  No.  16  a — Continued. 


571 


1889. 

i. 
p 

1' 

Rkmduk  ox 
kvapobatiu!!. 

Amhoxia. 

1 

NlTBOGKX  AS 

Tempkr- 

ATCRK. 

Date. 

§1 

1 

1 

< 

1 

1 

^ 

1 

1 

1,  . 

2.00 

2.02 

- 

_ 

_ 

- 

_ 

. 

. 

- 

- 

63- 

2 

2.00 

1.00 

- 

- 

- 

- 

"■ 

- 

- 

- 

60- 

» 

2.00 

1.08 

- 

- 

- 

- 

~ 

- 

- 

- 

- 

69* 

4 

2.00 

2.01 

- 

- 

- 

- 

- 

- 

- 

- 

- 

60* 

5 

2.00 

1.04 

- 

- 

.0180 

.0310 

.0470 

7.32 

2.4000 

.0008 

- 

66- 

« 

- 

.37 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1,  . 

2.03 

1.75 

- 

- 

- 

- 

" 

- 

- 

- 

- 

57' 

8 

2.03 

2.02 

- 

- 

- 

•    - 

- 

- 

- 

- 

W 

» 

2.03 

2.01 

- 

- 

- 

- 

- 

- 

- 

- 

- 

&3» 

10 

2.03 

2.02 

- 

- 

- 

- 

- 

- 

- 

- 

- 

63- 

11 

2.03 

2.05 

- 

- 

- 

- 

- 

- 

- 

- 

- 

53- 

12,.        .        .        . 

2.03 

2.09 

- 

- 

.0032 

.0144 

.0176 

5.92 

.8500 

.0002 

- 

54* 

18,.        .        .       . 

- 

.43 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

14,.        .        .        . 

2.03 

1.67 

- 

- 

- 

- 

- 

- 

- 

- 

- 

49* 

w 

2.03 

2.09 

- 

- 

- 

- 

- 

- 

- 

- 

- 

62" 

Ifl 

2.03 

2.08 

- 

- 

• 

- 

- 

- 

- 

- 

- 

63* 

17.. 

2.03 

2.06 

- 

- 

- 

- 

- 

- 

- 

- 

- 

W 

18 

2.03 

1.06 

- 

- 

- 

- 

- 

- 

- 

- 

- 

63- 

!»..... 

2.03 

1.93 

- 

- 

.0018 

.0148 

.0166 

6.00 

1.2500 

.0001 

- 

62- 

» 

- 

.85 

- 

- 

- 

- 

- 

- 

- 

- 

21 

2.08 

1.65  1 

- 

- 

- 

- 

- 

- 

- 

"• 

- 

61* 

M..        .        .       . 

2.03 

2.07 

- 

- 

- 

- 

- 

- 

_ 

- 

60" 

23,.        .        .        . 

4.07 

4.10 

- 

- 

- 

- 

- 

- 

- 

- 

- 

49* 

24 

4.07 

4.09 

- 

- 

- 

- 

- 

- 

- 

- 

- 

46- 

» 

4.07 

4.09 

- 

- 

- 

- 

- 

- 

- 

- 

- 

48- 

2« 

4.07 

4.18 

- 

- 

.0488 

.0448 

.0936 

5.17 

.9000 

.0020 

- 

hT 

27,.        .        .        . 

- 

.26 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

28,.        .        .        . 

4.07 

4.09 

- 

- 

- 

- 

- 

- 

- 

- 

- 

sa- 

20 

4.07 

4.25 

- 

- 

- 

- 

- 

- 

- 

- 

- 

w 

80 

4.07 

4.17 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Iff 

81 

4.07 

..«; 

- 

- 

- 

- 

- 

- 

- 

- 

so* 

Effluent  colorlws,  generally  dear  or  nearly  so,  and  with  little  or  no  sediment.    After  October  7,  the 
sewage  was  put  on  in  nine  applications  daily. 
Total  cffloent  to  end  of  month,  188.09  gallons. 
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Filter  Tank  No.  16 A—  Continued. 


1». 

2,. 

3,. 

4,. 

6,. 

«.. 

7,. 

8,. 

».. 
10,. 
11,. 
12.. 
13.. 
14.. 
15.. 
1«.. 
17,. 
18.. 


Date. 


15 


4.07 
4.07 


i?3 


o  » 


4.16 
4.09 


.26 


Rksidub  on 
evapokation. 


Ammonia. 


.0720 


.1040 


6.14 


2?ITBOOn  AS 


.8000 


ATL'KK. 


^ 
£ 


.0020 


4.07 
4.07 
4.07 


4.02 
4.16 
4.18 


sr 

43' 

4r 

51- 

sr 


4.07 
4.07 
4.07 


4.28 

4.20 

4.23 

.20 


2.80 


25.40 


.0740 


.0420 


.1160 


6.22 


1.8000 


.0040 


4.07 


4.01 


4.07 


4.20 


4.07 


4.24 


4.07 


4.23 


4.07 
4.07 


4.14 

4.15 

.18 


.0042 


.0390 


.0432 


51* 

ST 
I 
54" 

57" 

5C 

AT 


4.07 


AT 

47 

I 

ar 

82" 

sr 


21.. 
22.. 
23.. 
24.. 
25,. 
26,. 
27,. 
28,. 
29.. 
30.. 


4.07 


4.07 


4.07 
4.07 


4.25 
4.22 


.0454 


5.55 


1.5000 


.20 


.0012 


4.07 


4.07 


4.18 


4.07 


4.23 


4.07 


4.58 


4.07 
4.07 


4.14 
4.19 


.0040 


.0320 


4.97 


1.0400 


4S* 

4r 

47" 
AT 
44- 


EOloent  eolorleM,  nearly  clear*  and  generally  free  from  aodlmenfc. 
Total  effluent  to  eitd  of  moalh.  298.41  galloxu. 
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Fitter  Tank  No.  2  &^— Continued. 

I>eeemlmr.  ISS*. 


1 

I' 

9    . 

1= 

Kbsiddb  on 

EVA1H>RAT10N. 

AsncoariA. 

i 

NiTKOOBir  AS 

Tbmpbk- 

▲TURK. 

Datk. 

ji 

1 

1 

J 

is 

1 

1 

i 
s 

1 

1 

1 

- 

.20 

_ 

. 

. 

- 

. 

- 

- 

- 

2,.         .        .        . 

4.07 

4.04 

- 

- 

- 

- 

- 

- 

- 

- 

- 

45* 

» 

4.07 

4.06 

- 

.0056 

.0310 

.0366 

5.10 

1.1000 

.0010 

- 

44* 

4,. 

4.07 

4.17 

- 

- 

- 

- 

- 

- 

- 

- 

- 

41* 

5 

4.07 

4.06 

- 

- 

- 

- 

- 

- 

- 

- 

40- 

«» 

4.07 

4.20 

- 

- 

- 

- 

- 

- 

- 

- 

- 

43" 

7 

4.07 

4.20 

- 

- 

.0102 

.0270 

.0372 

4.22 

.9600 

.0020 

- 

44' 

8..         .        .        . 

- 

.21 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

9 

4.07 

4.0S 

- 

- 

'    - 

- 

- 

- 

- 

- 

49* 

10 

4.07 

4.21 

- 

- 

- 

- 

- 

- 

- 

- 

47- 

n 

4.07 

4.24 

- 

- 

- 

- 

- 

- 

- 

- 

47* 

12..         .        .       . 

4.07 

4.19 

- 

- 

- 

- 

- 

- 

- 

- 

- 

44« 

13 

4.07 

4.18 

- 

- 

- 

- 

- 

- 

- 

- 

- 

44- 

U,.         .        .       . 

4.07 

3.71 

- 

- 

.0012 

.0278 

.0290 

5.32 

1.0000 

.0004 

- 

89* 

w 

- 

.22 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

16 

4.07 

4.01 

- 

- 

- 

- 

- 

- 

- 

- 

- 

42» 

17 

4.07 

4.20 

- 

- 

- 

- 

- 

- 

- 

- 

- 

43* 

1» 

4.07 

4.20 

- 

- 

- 

- 

- 

- 

- 

- 

- 

43* 

1 

4.07 

4.28 

- 

- 

- 

- 

- 

- 

- 

- 

- 

46" 

20,.        .        .        . 

4.07 

4.21 

- 

- 

- 

- 

- 

- 

- 

- 

- 

46- 

21 

4.07 

4.17 

- 

- 

.0034 

.0366 

.0400 

4.90 

1.3300 

.0000 

- 

48* 

22 

- 

.22 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

23 

4.07 

8.05 

- 

- 

- 

- 

- 

- 

- 

- 

- 

42* 

24 

4.07 

4.10 

- 

- 

- 

- 

- 

- 

- 

- 

- 

42* 

25,.        .        .        . 

4.07 

4.23 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

26 

4.07 

4.14 

- 

- 

- 

- 

- 

- 

- 

- 

- 

45" 

27 

4.07 

4.15 

- 

- 

- 

- 

- 

- 

- 

- 

- 

43- 

28,.        .        .       . 

4.07 

4.16 

- 

- 

.0036 

.0274 

.0360 

8.37 

1.8000 

.0006 

- 

42- 

29 

- 

.23 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

80,.         .        .       . 

3.16 

2.93 

- 

- 

- 

- 

- 

- 

- 

- 

" 

44* 

31,.         .        .       . 

2.26 

2.29 

- 

- 

-     • 

- 

- 

- 

- 

- 

4r 

EfBuent  colorless,  clear  or  nearly  so,  and  free  from  sediment. 
Total  effluent  to  end  of  month,  403.89  gallons. 
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Filter  Tank  No.  iff  ^  —  Continued. 

Swtmumrr,  1S»». 


Il 

Is 

Rksidur  ok 
Evaporation. 

AmcosiA. 

1 

KlTROGBX  AS 

1  TEjirm- 

ATUU. 

Datb. 

1* 

1 

i 

|l 

00 

5 
1 

99 

1 

1 
1 

ii 

1 

1..        . 

4.07 

4.18 

« 

. 

- 

- 

_ 

- 

- 

- 

1  _ 

ir 

2,. 

4.07 

4.22 

- 

- 

- 

- 

- 

. 

- 

- 

1  - 

&•• 

3,. 

4.07 

4.15 

- 

- 

- 

- 

- 

- 

- 

- 

'  - 

r 

4.. 

4.07 

4.11 

2.30 

24.40 

.0044 

.0290 

.0334 

7.60 

.9000 

.0006 

- 

iV 

6,. 

- 

.25 

- 

- 

- 

- 

- 

- 

- 

- 

.  -  '  - 

6,. 

4.07 

8.90 

- 

- 

- 

- 

- 

- 

- 

- 

«• 

7,  . 

4.07 

4.12 

- 

- 

- 

- 

- 

- 

- 

- 

;  - 

4? 

8,. 

4.07 

4.12 

- 

- 

- 

- 

- 

- 

- 

- 

1 

*^ 

»,  . 

4.07 

4.10 

- 

- 

- 

- 

- 

- 

- 

- 

-    sr 

10,. 

4.07 

4.11 

- 

- 

- 

- 

- 

- 

- 

- 

_    "1* 

n, . 

4.07 

4.13 

- 

- 

.0164 

.0272 

.0436 

5.04 

1.0000 

.0006 

- 

» 

12,. 

- 

.28 

- 

- 

- 

- 

- 

- 

- 

- 

!  - 

- 

13,. 

4.07 

3.89 

- 

- 

- 

- 

- 

- 

- 

- 

-   .  43* 

U.. 

4.07 

4.09 

- 

-      1 

- 

- 

- 

- 

- 

" 

- 

4f 

16,. 

4.07 

4.17 

- 

- 

- 

- 

- 

- 

- 

- 

- 

40* 

16.. 

4.07 

4.11 

- 

- 

- 

- 

- 

- 

- 

- 

-      «• 

17.. 

4.07 

4.11 

- 

1 
-      1 

- 

- 

- 

- 

- 

- 

-    \'^ 

18,. 

4.07 

4.10 

- 

1 

.0094 

.0272 

.0866 

8.64 

.9000 

.0004 

-  !  *^' 

19,. 

- 

.81 

- 

- 

- 

- 

- 

- 

- 

- 

1 

1  ■     ■ 

20,. 

2.71 

2.59 

- 

- 

- 

- 

- 

1 

- 

I 

!-..r 

21.. 

3.16 

8.14 

- 

~ 

- 

- 

- 

- 

-  li-   «■ 

22.. 

4.07 

4.08 

- 

- 

- 

- 

- 

- 

- 

- 

-     ssr 

23,. 

4.07 

4.10* 

- 

- 

- 

- 

- 

- 

- 

-    r 

24,. 

8.16 

2.68' 

- 

- 

- 

- 

- 

-    1 

- 

- 

1 

25,. 

4.07 

8.76 

- 

- 

.0320 

.0370 

.0690 

4.47 

.9300 

.0006 

-     - 

26.. 

- 

.29 

- 

- 

- 

- 

- 

- 

- 

- 

-     - 

27,.      •. 

3.16 

3.03 

- 

- 

- 

- 

- 

- 

- 

- 

-      41' 

28,. 

4.52 

4.57 

- 

- 

- 

- 

- 

- 

- 

- 

-      36- 

29.. 

4.07 

4.10 

- 

- 

- 

- 

- 

- 

- 

- 

-    '  38* 

30,.        . 

4.07 

4.15 

- 

- 

- 

- 

- 

- 

- 

- 

# 

81,. 

4.07 

4.00 

- 

- 

.0312 

.0454 

.0766 

1 

4.17 

1.0000 

.0012 

- 

80* 

Effluent  coIorleM,  clear  or  slightljtarbld,  and  generally  free  from  sediment. 
Total  effluent  to  end  of  month,  510.68  gallons. 
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Filler  Tank  No.  jfff^  —  Concluded. 

F«bra»i7t  IMO. 


P 

Rem  DDK  ox 

EVAPOKATIOX. 

Amjiokia. 

s 

Nitrogen  as 

Tkmpkk- 

ATL-RR. 

Z>ATB. 

i 

1 

1 

< 

s 

7. 

eft 

«i 

1.. 

4.62 

4.83 

- 

. 

- 

. 

- 

- 

~ 

- 

- 

41- 

2..         .         .        . 

- 

.28 

- 

- 

- 

- 

- 

- 

i  - 

- 

- 

- 

8..         .         .        . 

4.07 

3.86 

- 

- 

- 

- 

- 

- 

- 

- 

- 

43' 

4,. 

4.07 

4.06 

- 

- 

- 

- 

- 

- 

- 

- 

- 

44* 

6..         .         .        . 

4.07 

4.10 

- 

- 

- 

- 

- 

- 

- 

- 

. 

47' 

6 

4.07 

4.07 

- 

- 

- 

- 

- 

■  - 

- 

- 

- 

41* 

7 

4.07 

8.88 

- 

- 

.1175 

.0610 

.1786 

4.12 

l.OOOO 

.0020 

- 

38* 

8 

4.07 

4.24 

- 

- 

"• 

- 

- 

- 

- 

- 

- 

43* 

«. . 

- 

.81 

- 

- 

- 

- 

- 

-  ! 

- 

- 

- 

- 

10 

4.07 

3.80 

- 

- 

- 

- 

- 

J 

- 

- 

- 

- 

11,. 

4.07 

4.07 

- 

- 

- 

- 

- 

1 
"  1 

- 

- 

42* 

12 

4.07 

4.11 

- 

- 

- 

- 

- 

- 

- 

- 

43" 

13 

4.07 

4.10 

- 

" 

- 

- 

- 

- 

- 

- 

- 

43* 

14,.         .         .        . 

4.07 

4.13 

- 

- 

.1800 

.0740 

.2040 

4.74  1 

.9000 

.0040 

- 

43- 

15 

4.07 

4.00 

- 

-  ' 

- 

- 

- 

-    1 

- 

- 

- 

45* 

1« 

- 

.85 

- 

-   1 

- 

- 

- 

_    1 

- 

- 

- 

- 

17,.         .      ".        . 

4.07 

3.88 

- 

.    1 

- 

- 

- 

- 

- 

- 

- 

43* 

18 

4.07 

4.07 

- 

- 

- 

- 

- 

- 

- 

- 

41* 

19 

4.07 

4.00 

- 

- 

- 

- 

- 

- 

- 

- 

- 

41' 

20,  .         .         .        . 

4.07 

4.12 

- 

- 

- 

- 

- 

- 

- 

- 

- 

zr 

21 

4.07 

4.06 

- 

- 

.0815 

.0580 

.1305 

4.79 

1.0000 

.0040 

- 

36* 

22,.         .         .        . 

4.07 

4.07 

- 

- 

- 

- 

- 

-    • 

- 

- 

- 

SV 

23,.         .         .        . 

- 

.35 

- 

_ 

- 

- 

- 

-    ' 

- 

- 

- 

- 

24 

4.07 

3.91 

- 

1 

- 

7 

- 

- 

- 

- 

- 

4S* 

25,. 

4.07 

4.11 

- 

•     - 

- 

- 

- 

- 

- 

- 

42- 

26 

4.07 

4.18 

- 

- 

- 

- 

- 

- 

- 

- 

- 

45* 

27,  . 

4.07 

4.10 

- 

- 

- 

- 

- 

- 

- 

- 

46* 

28 

3.61 

4.11 

- 

- 

.0618 

.060S 

.1156 

3.50 

1 

1.3000 

.0026 

- 

44* 

Kfllnent  colorlefi,  jrcnerftlly  npiirly  clear,  and  with  very  alight  or  no  sediment. 
Total  effluent  to  endof  month,  000.64  gallons. 
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Table  of  (he  Number  of  Bacleria  found  in  a  Cubic  Centimeler  of  the  Effluent  from 

Tank  No.  16a. 


I>ATK. 

Number 

of 
Bacteria. 

Date. 

Number 

of 
Bacteria. 

Datk. 

Number 

of 
Bacteria. 

Datk. 

•    Stomber 
I          of 
:  Bacxerte. 

1SS9. 

1889 -Con. 

1889 -Con. 

1899  — Con. 

1 

July     30,      . 

9 

Oct.       2,     . 

2.325 

D«c.       4.      . 

2,503 

Jan.     21,       . 

290 

Aug.      6,      . 

14 

30.      . 

0,200 

10,      . 

658 

2S,      . 

1         S.44S 

12,      . 

4 

16.      . 

3.036 

17,      . 

4,818 

Feb.       4,      . 

6,4«3 

19.      . 

25 

26.      . 

11,172 

1890. 

8,       . 

i         4.930 

28,      . 

648 

Nov.      5,      . 

4,704 

Jan.       1,      . 

2,610 

11.       . 

4.M0 

Sept.      2.     . 

11 

16,     . 

8,400 

7.     . 

4.224 

14,       . 

S,9« 

10.      . 

304 

21.      . 

1,025 

14.      . 

3,584 

18,      . 

6,734 

16,      . 

20 
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A  ge:n^eral  view  of  results. 


We  have  now  filtered  sewage  intermittently  through  clean  gravel 
stones,  larger  than  robins'  eggs,  through  filters  made  of  various 
grades  of  gravel  and  of  sand,  to  a  sand  whose  particles  average  but 
0.004  inch  in  diameter,  —  a  fine  granular  dust,  —  as  well  as  through 
soils  and  through  peat. 

With  the  gravels  and  sands,  from  the  coarsest  to  the  finest,  we 
find  that  purification  by  nitrification  takes  place  in  all,  when  the 
quantity  of  sewage  is  adapted  to  their  ability,  and  the  surface  is  not 
allowed  to  become  clogged  by  organic  matter  to  the  exclusion  of  air. 

With  fine  soils,  containing,  in  addition  to  their  sand  gmins,  two 
or  three  per  cent,  of  alumina  and  oxide  of  iron  and  manganese,  and 
six  or  seven  per  cent,  of  organic  matter,  we  find  that,  when  only 
six  inches  in  depth,  resting  upon  fine,  sandy  material,  they  retain 
water  so  long  that  the  quantity  that  can  be  applied  is  so  small,  and 
the  interval  in  which  this  must  settle  and  dry  away  to  allow  air  to 
enter  the  filter  is  so  long,  that  the  amount  of  sewage  that  can  be 
purified  is  very  small.  When  the  quantity  applied  is  adapted  to  its 
ability,  such  a  filter  may  give  an  excellent  effluent,  quite  free  from 
bacteria. 

With  greater  depth  of  soil  the  quantity  that  can  be  filtered  will 
evidently  become  less ;  and,  with  the  depth  of  five  feet  of  such  a 
soil,  we  have  found  nitrification  did  not  take  place;  and,  although 
it  was  probable  that  no  bacteria  came  through,  the  organic  matter 
in  the  effluent  was  at  the  end  of  two  years  nearly  as  great  as  in  the 
sewage.  This  soil  remained  continually  so  nearly  saturated  that, 
when  only  5,000  gallons  per  acre  were  being  filtered  daily,  although 
free  to  drain  over  every  square  foot  of  the  bottom,  sufficient  air 
could  not  be  taken  in  to  produce  any  nitrification  ;  and  the  chemical 
result  with  this  material  was,  throughout  the  two  years  of  its  trial, 
nearly  the  same  as  would  be  expected  if  the  filtration  had  been  made 
continuous,  instead  of  intermittent. 
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With  peat  upon  the  surface  of  a  filtration  area,  even  to  the  depth 
of  only  one  foot,  its  imperviousness  to  liquid  and  the  quantity  that  it 
will  retain  until  it  evaporates,  renders  intermittent  filtration  imprac- 
ticable; and  a  sand  area  thus  covered  with  peat  can  be  rendered 
eflScient  for  filtration  only  by  the  removal  of  the  peat  from  the 
surface. 

The  truths  in  regard  to  filtration  of  sewnge  that  have  been  made 
manifest  by  the  experiments  of  the  State  Board  of  Health  in  the 
past  two  years  can  be  appreciated  only  by  a  careful  study  of  the 
results  which  have  been  presented.  No  statement  of  general  con- 
clusions can  convey  all  that  these  experiments  have  made  known; 
but,  to  one  who  has  carefully  considered  the  results  in  detail,  it  may 
be  useful  to  group  the  results  and  bring  out  some  of  the  general 
truths  with  more  clearness. 

The  experiments  with  gravel-stones  give  us  the  best  illustration 
of  the  essential  character  of  intermittent  filtration  of  sewage.  In 
these,  without  straining  the  sewage  sufficiently  to  remove  even  the 
coarser  suspended  particles,  the  slow  movement  of  the  liquid  in  thin 
films  over  the  surface  of  the  stones,  with  air  in  contact,  caused  to 
be  removed  for  some  months  97  per  cent,  of  the  organic  nitrogenous 
matter,  a  large  part  of  which  was  in  solution,  as  well  as  99  percent, 
of  the  bacteria,  which  were  of  course  in  suspension,  and  enabled 
these  organic  matters  to  be  oxidized  or  burned,  so  that  there 
remained  in  the  eflluent  but  three  per  cent,  of  the  decomposable 
organic  matter  of  the  sewage,  the  remainder  being  converted  into 
harmless  mineral  matter. 

The  mechanical  separation  of  any  part  of  the  sewage  by  straining 
through  stind  is  but  an  incident,  which,  under  some  conditions, 
favorably  modifies  the  result ;  but  the  essential  conditions  are  very 
slow  motion  of  very  thin  films  of  liquid  over  the  surface  of  particles 
having  spaces  between  them  sufficient  to  allow  air  to  be  continually 
in  contact  with  the  films  of  liquid. 

With  these  conditions  it  is  essential  that  ceii;ain  bacteria  should 
be  present  to  aid  in  the  process  of  nitrification.  These,  we  have 
found,  come  in  the  sewage  at  all  times  of  the  year ;  and  the  condi- 
tions just  mentioned  appear  to  be  most  favorable  for  their  efficient 
action,  and  at  the  same  time  most  destructive  to  them  and  to  all 
kinds  of  bacteria  that  are  in  the  sewage. 

In  grouping  the  results  of  our  experiments,  it  will  be  best  to 
refer  to  the  general  diagram  of  nitrates,  of  ammonias  and  of  bacteria, 
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given  at  page  125.  There  are  graphically  presented  these  elements 
for  the  ^ewage  and  for  most  of  the  tanks  that  have  been  used.* 

As  nitrification,  or  the  burning  up  of  organic  matter,  is  the 
essential  step  in  purification  of  sewage  by  intermittent- filtration, 
we  will  first  follow  by  the  diagram  the  rise  and  fall  of  the  nitrates. 

The  nitrates  of  the  sewage  were  nearly  zero  from  beginning 
to  end. 

Passing  the  slight  nitrification  in  January,  1888,  in  nearly  all  of 
the  tanks  when  sewage  was  first  applied,  we  have  through  February 
and  March  a  season  of  no  nitrification.  During  these  months  the 
temperature  of  the  effluents  had  been  about  36°  Fah.  When  the 
temperature  of  the  effluent  rose  to  39°  or  40°  in  the  several  tanks, 
a  slight  increase  in  the  nitrates  was  observed,  which  continued 
slowly  rising  until  about  50°  was  reached. 

This  was  true  of  all  of  the  filters  represented,  except  No.  5, 
which  was  filled  with  garden  soil,  in  which  no  appreciable  nitrification 
occurred  during  the  two  years.  Filter  No.  3,  not  represented, 
which  was  composed  of  peat,  also  did  not  nitrify.  Of  those  repre- 
sented, the  first  to  nitrify  are  those  presented  by  heavy  lines,  No.  1, 
No.  14,  No.  13  and  No.  12.  These  were  all  of  coarse,  open  sand, 
like  No.  1,  which  would  allow  air  to  enter  it  most  freely  ;  and  those 
began  first  and  burned  most  rapidly  in  which  the  most  organic  matter 
had  been  stored. 

Filters  started  at  other  seasons  of  the  year  have  shown  us  that 
nitrification  does  not  become  active  until  there  is  an  accumulation  of 
organic  matter  that  may  be  burned. 

Following  those  filters  of  the  most  open  sand,  in  nitrification, 
came  the  mixed  sands  of  No,  6  and  No.  11,  which  allowed  air  to 
penetrate  them  less  freely.  These  were  followed  by  the  finest  sand, 
No.  4,  the  fine  sand  of  No.  2,  and  the  soil-covered  filter  No.  7, — 
the  latter  being  more  than  a  month  later  than  the  earliest. 

Nitrification  was  highest  in  all  of  these  filters  in  the  rapidly 
growing  months  of  May  and  June.  In  the  second  year  the  highest 
nitrates  were  in  general  at  the  same  season,  but  began  earlier,  in  the 
latter  half  of  April,  and  continued  through  May.     With  the  excep- 


*  In  order  to  bring  the  widely  yarying  qaantitles  within  the  limits  of  a  single  plate,  and  at  the 
same  time  to  indicate  the  changes  that  take  place  when  the  quantities  are  very  small,  it  has  been 
necessary  to  sacrifice  the  presentation  of  relative  roagnitades  to  the  eye,  and  adopt  for  each 
diagram  varying  scales,  which  must  he  regarded  in  order  to  have  any  just  appreciation  of  the 
relativo  magnitndes  presentedH 
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tioQ  of  the  increased  activity  of  nitrification  in  the  spring  months, 
when  in  several  of  the  iSlters  more  nitrogen  came  away  in  the 
effluent  —  principally  as  nitrates  —  than  was  being  applied  in  the 
sewage,  the  nitrates  of  the  effluent  rise  and  fall,  in  the  several  Glters 
which  are  purifying  the  sewage,  with  the  rise  and  fall  of  the 
ammonias  in  the  sewage ;  so  that,  in  tne  winter  months  of  18n8- 
89,  while  the  nitrates  of  the  effluent  were  lower  than  at  other  times, 
wo  find  that  the  sum  of  ammonias  of  the  sewage  was  also  lower, 
and  that  nitrification  at  that  time  was  quite  as  complete  as  in  the 
previous  months. 

Before  following  the  varying  and  exceptional  condition  of  nitri- 
fication in  some  of  the  filters,  we  will  turn  to  the  diagram  of 
ammonias,  and  see  how  they  were  in  general  afiected  by  nitrification. 

Upon  first  applying  sewage,  some  of  the  impurities  were  held 
back  by  the  sand  by  the  straining  process ;  and,  so  far  as  this 
occurred,  the  finer  sands  held  back  for  a  longer  time  than  the 
coarser.  With  the  coarser  sands  of  No.  1  and  No.  6  there  was  a 
considerable  increase  in  ammonias  soon  after  the  chlorine  indicated 
that  liquid  from  sewage  had  reached  the  outlet.  With  No.  7,  No. 
2  and  No.  4,  there  was  but  little  increase  in  the  ammonias  for  some 
weeks  after  the  original  water  in  the  sand  had  been  expelled,  and 
liquid  from  sewage  had  permeated  all  parts  of  the  filter. 

All,  however,  gave  an  effluent  at  some  time  before  nitrification 
began,  which  contained  from  20  to  40  per  cent  as  much  free  and 
albuminoid  ammonia  as  the  sewage.  But  during  this  time,  in  the 
cold  months  of  a  very  cold  winter,  there  was  an  important  step  in 
purification  going  on.  This  was  the  conversion  of  albumiaoid 
ammonia  to  free  ammonia ;  or,  to  state  the  case  more  definitely,  it 
was  the  burning  up  of  a  part  of  the  organic  matter  by  the  combi- 
nation of  oxygen  with  some  of  the  carbon,  producing  carbonic  acid, 
and  leaving  the  nitrogen  and  hydrogen  that  were  combined  with  this 
carbon  to  form  ammonia,  and  thus  reducing  the  amount  of  combined 
nitrogen  which  in  our  analyses  appears  as  albuminoid  ammonia. 
This  is  as  complete  a  destruction  of  organic  matter,  as  far  as  it  goes, 
as  if  the  free  ammonia  were  again  oxidized,  forming  nitric  acid  or 
nitrates ;  but  this  process  seldom  if  ever  carries  the  destruction  of 
the  organic  impurities  of  sewage  to  such  an  extent  that  the  resulting 
liquid  contains  so  little  impurity  as  when  nitrification  takes  place. 
We  find,  further,  that  this  process  of  reducing  the  albuminoid 
ammonia  is  not   so   destructive  to  bacteria  a^the  more  complete 
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process  of  nitrification.  It  is,  however,  a  process  of  purification ; 
and  the  conditions  of  intermittent  filtratio(|  are  those  most  favorable 
to  this  step  in  purification. 

During  the  three  cold  months  previous  to  the  beginning  of  nitri- 
fication in  April,  1888,  we  have,  under  very  unfavorable  circum- 
stances, the  large  filters  *in  the  field  filtering  intermittently  and 
purifying  without  nitrification.  The  sum  of  ammonias  were  — 
though  generally  lower  —  at  some  time  from  20  to  40  per  cent,  of 
the  sum  of  aifimonias  of  the  sewage  applied;  but  this  does  not 
express  the  degree  of  the  destruction  of  organic  impurities.  We 
are  unable  to  say,  in  regard  to  this  short  period,  how  much  was 
destroyed  ;  for  a  considerable  part  of  that  which  was  in  solid  form  — 
in  su.'^pension  —  was  without  doubt  held  back,  and  may  have  been 
accumulating  in  the  sand.  If  we  compare  the  albuminoid  ammonia 
of  the  cfiluent  from  the  several  tanks  in  the  field  with  the  albuminoid 
ammonia  of  the  sewage,  we  find  that  but  about  five  per  cent,  was  coming 
through  the  filter ;  but,  if  we  suppose  that  all  that  was  in  suspension 
in  the  sewage  was  mechanically  held  back  by  the  sand,  we  still 
find  that  the  albuminoid  ammonia  of  the  eflluent  was  only  twenty  per 
cent,  of  the  albuminoid  ammonia  that  was  in  solution  in  the  sewage  ; 
that  is,  in  the  process  of  intermittent  filtration  previous  to  the 
beginning  of  nitrification,  there  was  going  on  within  the  filter  a 
chemical  change  by  which  a  consideral^le  part  of  the  organic  impu- 
rities were  burned  up,  thus  reducing  the  combined  nitrogen  that  was 
in  solution  in  the  sewage  by  80  per  cent.  This  occurred  in  winter, 
when  frost  was  in  the  upper  layers  of  the  filters,  and  the  effluents 
were  at  the  temperature  of  about  36^  Fah. 

When  the  frost  had  been  melted  in  the  tanks  in  the  field,  and  the 
temperature  of  the  effluent  in  each  had  reached  39^  or  40°,  nitrifica- 
tion began  in  all  of  the  filters  composed  of  sand.  The  sum  of 
ammonias,  however,  did  not  immediately  decrease ;  in  fact,  it 
generally  increased  in  the  coarser  sands  for  two  or  three  weeks,  and 
in  the  finest  sand  for  two  months.  The  time  when  it  began  to 
decrease  and  the  rapidity  with  which  the  filter  reached  a  condition  of 
established  purification,  appears  to  depend  upon  the  freedom  with 
which  air  can  penetrate  the  filter,  and  upon  the  amount  of  organic 
impurity  that  has  been  stored  in  the  filter. 

The  order  in  which  the  several  filters  reached  an  established 
conditi«)n  of  purification  by  nitrification  was  as  follows  :  No.  14,  No. 
1,  No.  13,  No.  6,  No.  12,  No.  11,  No.  2,  No.  7  and  No.  4. 
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The  coarse-sand  filters  reached  this  condition  in  from  one  to  fire 
weeks  after  nitrification  first  reached  its  height.  The  fine  sand  of 
No.  2  required  two  months,  and  No.  7  and  Nor.  4  a  much  longer 
time  ;  but  they  were  probably  delayed  by  receiving  at  first  too  much 
sewage,  and  having  the  surface  clogged. 

The  degree  of  purification  which  the  several  tanks  attained  for  the 
month  following  their  reaching  an  established  condition  of  purifica- 
tion, as  expressed  by  the  percentage  which  the  sum  of  ammonias 
of  the  effluent  bore  to  the  sum  of  ammonias  of  the  sewage,  and  the 
percentage  which  the  number  of  bacteria  in  the  efiSuent  bore  to  the 
number  in  the  sewage,  was  as  follows  :  — 


Number 

OF 

Filter. 

|5i 

PercrnUge    the 
Sum  of  Ammo- 
nias ufKfliueni 
wasoftlieSum 
ofAmmoniasot 
the  Sewage. 

Number 

or 
Filter. 

Quantity  Filter- 
ing, in  (Salloni 
per    Acre   per 
bay. 

0hI 

piiii 

14,  .       .       . 
18.  .       .       . 

1,  .       .       . 
12.   .        .        . 

6,   .        .        . 

ft    8    6    8    8 

1.0 
0.7 
0.0 
0.8 
0.7 

3. 

0.006 
.0.3 

h 

0.16 
0.02 

11.  .       .        . 
2,  .        .       . 
4,  .        .        . 

7,  .        .       . 

30,000 
19,000 
14,000 
11,000 

o.e 

0.3 

0.8 
0.3 

1. 

0.01 

O.OOl 
O.Wl 

All  of  these  sand  filters  were  at  these  times  burning  up  the 
nitrogenous  impurities  of  the  sewage,  and  thus  removing  from  99 to 
99.7  percent,  thereof,  and  giving  effluents  containing  less  organic 
impurities,  as  shown  by  chemical  analyses,  than  most  of  the  drinking- 
water  supplies  of  the  State. 

At  the  same  time  the  number  of  bacteria  in  a  cubic  centimeter 
of  the  sewage  was  from  340,000  to.  1,400,000  ;  and  the  number  of 
bacteria  found  in  the  effluent  averaged,  for  these  months,  from  3  per 
cent,  in  that  from  the  open  sand  filtering  the  largest  quantity  to  a 
fraction  of  one  per  cent., in  that  from  the  other  open  sands,  and  to 
0.001  of  one  per  cent,  in  the  finest  sand  and  in  the  sand  covered 
with  soil. 

The  coarser  sands,  though  presenting  conditions  so  unfavorable 
for  bacteria  to  live  through  the  passage  of  five  feet  in  depth,— 
which  required  from  one  and  a  half  to  seven  days,  —  that  only  the 
small  percentages  given  survived,  yet  allowed  more  to  pass  through 
than  are  found  in  good  drinking  waters.  The  finer  sands,  however, 
of  No.  2  and  No.  4,  and  the  soil-covered  sand  of  No.  7,  with  their 
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passages  of  from  three  to  five  weeks,  did  not  allow  as  many  to 
sui-vive  as  are  found  in  good  drinking  waters.  It  is  most  probable 
that  none  came  through  the  sand,  but  that  the  small  numbers  of  from 
4  to  30  per  cubic  centimeter,  found  in  the  effluent  from  these  three 
filters,  grew  in  the  gravel  on  the  bottom  of  the  tanks  or  in  the 
underdnxins. 

Most  of  these  filters  continued  filtering  the  quantity  of  sewage 
that  they  were  found  adapted  to  purify  for  from  a  year  to  a  year 
and  a  half  after  they  reached  the  established  condition  of  purification 
which  has  just  been  presented.  We  will  now  consider  the  results 
obtained  in  the  latter  part  of  this  time. 

The  average  results  of  purification  for  periods  of  from  three  to 
eight  months,  mostly  in  the  second  year  of  filtration,  are  given  in 
the  following  table  :  — 


NCMBSB 

OF 
FiLTKB. 

Quantity  Filter- 
ing, in  Gallons 
per  Acre    per 

Percentage    the 
Sam  of  Ammo- 
nias of  Effluent 
wafcoftheSumI 
ofAmmonlaaofi 
the  Sewage.      1 

Percentage    the 
NumberofBac- 
terla  in  the  Ef- 
fluent  was   of 
the  Number  m 
the  Sewage. 

NUMBBB 

OF 
FlLTKB. 

Quantity  Filter- 
ing, in  Gallons 
per  Acre    per 

Percentage  thel 
Niimbprof  Bac- 
teria In  the  Ef- 
fluent  was   of 
the  Number  in, 
tne  Sewage. 

14.    .           .           . 
W,    .           .           . 
1.    .           .          . 

e.  .        .        . 

UT.OOO 
60.000 
&5,400 
42,600 

'    1.4 
0.4 
S.6 
0.5 

s. 

0.02 
0.19 
0.06 

2.  .        .        . 
4.   .        .        . 
7,  . 

28,700 
18.400 
8.880 

0.4 
0.6 
0.4 

0.003 
0.002 
0.001 

The  first  given  in  this  table,  No.  14,  of  coarse  sand  like  No.  1, 
filtered  the  above  quantity  for  three  months;  after  which  the 
quantity  was  increased,  and  averaged  for  five  months  177,000  gallons 
per  acre  per  day.  The  purification  was  less  complete  for  the  first 
month  after  the  change,  but  in  the  second  and  third  months  it  was 
more  complete  than  with  the  quantity  given  above.  The  fourth  and 
fifth  months,  however,  gave  less  satisfactpry  results,  —  showing  that 
the  filter  was  becoming  overburdened ;  the  surface  became  much 
clogged  with  organic  matter,  and  the  sum  of  ammonias  of  the 
effluent  increased  to  2.7  per  cent,  of  those  of  the  sewage;  but 
the  •bacteria  in  the  effluent  decreased  to  0.1  of  one  per  cent,  of 
the  number  in  the  sewage.  This  filter  was  evidently  doing  more 
than  it  could  continue  to  do  indefinitely.  The  other  filters,  filtering 
quantities  decreasing  with  their  perviousness  from  60,000  gallons 
per  acre  per  day  to  9,000  gallons,  indicated  that  they  would  continue 
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giving  as  good  results  indefinitely.  In  all  cases,  except  that  of  Xo. 
1,  they  gave  an  effluent  containing  about  one-half  of  one  per  cent, 
of  the  nitrogenous  organic  matter  of  the  sewage,  as  shown  by  the 
sum  of  the  ammonias ;  and  from  0.08  to  0.001  of  one  per  cent,  of 
the  number  of  bacteria  in  the  sewage.  It  is  probable  that  the  three 
less  pervious  materials  allowed  no  bacteria  to  be  brought  down  from 
the  sewage,  but  that  the  numbers  of  one  or  two  or  three  in  100,000 
of  the  number  in  the  sewage  grew  in  the  underdrains. 

The  nitrogen  in  the  effluents  as  nitrates,  during  the  periods 
covered  by  the  last  table,  amounted  to  about  50  per  cent,  of  the 
nitrogen  of  the  sewage.  During  these  periods  the  effluents  were 
generally  colorless,  clear,  bright  waters,  having  the  appearance  of 
good  spring  waters. 

While  the  results  given  in  the  table  may  fairly  be  taken  as  the 
average  results  for  each  filter,  it  is  to  be  noted  that  with  the  coarser 
sands  there  is  a  short  time,  an  hour  or  more,  soon  after  the  flow  of 
the  effluent  is  increased  by  the  application  of  sewage,  when  a  small 
percentage  of  the  newly  applied  sewage  reaches  the  bottom  Ijefore 
it  has  had  time  to  be  much  changed  chemically,  or  to  have  the 
bacteria  killed.  It  is  mixed  to  some  degree  with  liquid  that  has 
been  longer  in  the  filter,  and  for  the  short  time  mentioned  it  pro- 
duces an  effluent  that  contains  more  organic  matter  and  a  greater 
number  of  bacteria  than  through  the  rest  of  the  day.  The  most 
marked  result  of  this  temporary  increase  in  impurity  of  effluent  was 
observed  with  the  open  sand  of  Tank  No.  l->  in  April,  1889,  when  the 
impurities,  as  shO'Wn  by  the  sum  of  ammonias,  increased  from  1.5 
per  cent,  to  8  per  cent,  of  those  of  the  sewage,  and  the  number  of 
bacteria  increased  from  0.01  of  one  per  cent,  to  2  per  cent,  of  the 
number  in  the  sewage.  Ordinarily  the  increase  was  very  much  less 
than  this  with  the  sand  of  Tank  No.  1,  and  still  less,  though  obsen'- 
able,  with  the  mixed  sand  of  Tank  No.  6.  Very  little  if  any  such 
efiect  was  produced  upon  applying  sewage  to  the  fine  sand  of  Tank 
No.  2,  and  none  with  the  sand  of  Tank  No.  4  or  with  the  soil-covered 
Tank  No.  7. 

Effect  on  Filtration  of  Exclusion  op  Air. 
The  essential  difference  between  intermittent  filtration  and  con- 
tinuous filtration  of  sewage  is,  that  in  the  former  air  is  allowed  to 
enter  the  filter  during  the  intermissions,  and  in  the  latter  air  is  ex- 
cluded from  the  filter.. 
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If  from  any  cause  the  surface  becomes  impervious  to  air,  l)y  the 
material  becoming  so  retentive  of  water  that  no  air  can  enter  be- 
tween the  applications  of  sewage,  the  "result  is  similar  to  that  when 
filtration  is  continuous ;  no  nitrification  takes  place,  and  the  efliuent 
gradually  grows  to  contain  as  much  organic  matter  as  the'  sewage. 
This  was  the  result  with  the  garden  soil  of  Tank  No.  5  throughout 
the  two  years.  It  was  the  case  for  a  short  time  with  Tank  No.  7, 
covered  with  garden  soil,  which,  in  June,  1888,  was  receiving  17,000 
gallons  of  sewage  per  acre  per  day.  This  proved  to  be  more  than 
would  readily  enter ;  and  a  green  layer  of  organic  matter  formed 
on  the  surface,  that  was  so  retentive  of  water  that  no  air  could  enter 
the  filter;  and  the  result  is  shown  upon  the  Diagram  of  Nitrates 
in  the  rapid  decrease  in  the  nitrates,  until  nitrification  ceased  on  July 
10,  and  so  continued  till  August  2,  in  which  time  the  sumof  ammo- 
nias increased  from  0.10  parts  to  0.44  parts.  This  condition  was 
changed  by  removing,  on  July  25,  one-half  inch  in  depth  of  the 
surface,  allowing  the  air  to  enter,  and  causing  the  nitrates  to 
increase  in  eleven  days  from  0.003  parts  to  1.100  parts;  but  puri- 
fication by  nitrification  was  not  well  established  until  the  quantity 
applied  was  reduced  to  14,000  gallons  per  acre  per  day.  AVith 
9,000  gallons  daily  per  acre  it  was  continued  very  satisfactorily 
—  as  given  in  the  above  table  -^  for  eight  months. 

A  similar  result  was  obtained  with  Tank  No.  11,  which,  in  Au- 
gust, 1888,  was  purifying  sewage  very  satisfactorily,  removing  99.4 
per  cent,  of  the  nitrogenous  organic  matter;  when,  upon  covering 
the  surface  with  one  foot  in  depth  of  pulverized  peat,  which  became 
saturated  with  sewage,  and  so  retentive  that  no  air  could  enter 
through*  it,  nitrification  ceased,  and  the  ammonias  soon  became 
equal  to  those  of  the  sewage.  After  a  while  nitrates  and  nitrites 
were  found  in  the  effluent ;  but  these  undoubtedly  were  formed 
from  air  entering  the  coarse  sand  through  the  outlet  pipe  in  suffi- 
cient quantity  to  oxidize  the  extremely  small  quantity  of  sewage 
that  could  pass  through  the  peat.  For  six  months  the  ammonias 
were  nearly  equal  to  those  of  the  sewage  ;  and  then,  upon  removing 
the  peat  from  the  surface  and  applying  a  solution  of  organic  matter 
intermittently,  purification  became  satisfactory.  Other  examples 
of  purification  ceasing  when  air  was  excluded  are  shown  by  the 
action  of  Tank  No.  14,  when,  in  the  spring  of  1889,  a  tight  cover 
was  put  upon  the  taiik,  and  sewage  was  introduced  without  air. 
This  was   followed   by  an  extremely  rapid   burning  up   of  stored 
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organic  matter  when  a  current  of  air  was  drawn  through  the  filter. 
Again,  while  covered,  nitrification  was  made  very  active  by  adding 
a  very  small  quantity  of  air  daily,  and  keeping  the  air  within  the 
tank  circulating  through  the  sand. 

But  the  most  striking  effect  of  the  difference  between  intermittent 
and  continuous  filtration  is  given  in  the  account  of  Tank  No.  12, 
and  is  illustrated  by  the  diagram  facing  page  184.  This  filter,  act- 
ing intermittently,  removed  99.2  per  cent,  of  the  sum  of  ammonias. 
Upon  filling  the  tank  with  sewage  and  keeping  the  surface  covered, 
drawing  off  daily  the  same  amount  that  had  flowed  through  in  inter- 
mittent filtration,  nitrification  ceased  in  less  than  a  month ;  at  which 
time  the  sum  of  ammonias  began  to  increase,  and  continued  increas- 
ing, until,  after  three  months,  they  were  greater  than  the  sum  of 
ammonias  of  the  sewage.  In  this  period  the  albuminoid  ammonia 
of  the  effluent  was  much  less  than  that  of  the  sewage,  in  the  last 
month  averaging  only  twelve  per  cent. ;  but  from  the  subsequent 
action  it  appears  that  the  albuminoid  ammonia,  although  in  solution, 
was  in  large  part  stored  in  the  sand ;  for,  upon  draining  the  tank 
and  resuming  intermittent  filtration,  the  nitrates  far  exceeded  in 
amount  those  from  any  of  the  other  tanks  ;  and  the  amount  of  nitro- 
gen which  came  off,  principally  as  nitrates,  was  fifty  per  cent,  more 
than  was  applied.  In  the  three  months  after  intermittent  filtration 
was  resumed,  the  impurities  that  had  l)een  stored  in  the  tank  during 
continuous  filtration  had  been  removed  by  nitrification,  —  that  is, 
had  been  burned  up ;  and  the  sum  of  ammonias  of  the  effluent  had 
been  reduced  to  0.7  of  one  per  cent,  of  those  of  the  sewage,  and  were 
only  0.0151  parts  per  100,000,  or  less  than  in  the  average  of  the 
public  drihking  waters  of  the  State. 

Effect  of  Continuous  Filtration  on  Bacteria. 
The  effect  upon  the  number  of  bacteria  in  changing  from  intermit- 
tent to  continuous  filtration  was,  in  No.  12,  to  increase  and  then  to 
decrease  it.  In  June,  1888,  the  number  was  166.  Through  July, 
with  a  glass  trap  on  the  outlet,  the  number  averaged  891.  On  July 
27,  the  tank  was  filled  with  sewage,  and  continuous  filtration  com- 
menced. In  a  week  the  number  of  bacteria  in  a  cubic  centimeter  of 
the  effluent  was  55,900,  in  three  weeks  it  had  gradually  decreased 
to  3,540,  and  in  two  weeks  more  it  was  only  64.  In  the  next 
two  months,  while  continuous  filtration  continued  and  nitrification 
ceased,  the  number  aveniged  less  than  100.     During  this  time  there 
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was  no  nitrij5cation  to  kill  them,  but  they  were  unable  to  survive  the 
long  passage  of  three  weeks  through  the  sand  wiCbout  oxygen. 

Upon  drawing  sewage  out  of  the  tank  on  November  28,  and  resum- 
ing intermittent  filtration,  the  number  of  bacteria,  when  the  first 
liquid  from  the  top — being  one  week  on  its  passage — reached  the 
outlet,  was  10,416,  and  in  two  days  the  number  fell  oflF  to  34 ;  and  in 
the  next  three  weeks,  while  the  nitrates  were  increasing  from  0.1200 
to  1.0200  parts,  the  number  averaged  82. 

AVhen  nitrification  ceased  in  No.  7,  due  to  the  surface  becoming 
impervious  to  air,  the  quantity  of  water  that  could  enter  was  so  small 
that  about  two  months  were  required  to  pass  through  the  sand ;  and 
so  long  a  passage  without  air  was  undoubtedly  the  cause  of  the  number 
of  bacteria  being  very  small,  although  there  was  no  nitrification. 

General  Effect  of  Intermittent  Filtration  of  Sewage 
UPON  the  Bacteria  which  are  growing  in  it. 

The  sewage  pumped  from  the  sewer  at  the  Experiment  Station  gen- 
erally contained  about  700,000  bacteria  per  cubic  centimeter.  If  it 
was  allowed  to  stand  in  an  open  vessel,  the  number  would  increase 
for  a  few  days  to  three  or  four  times  the  original  number,  and  then 
generally  decrease  to  a  fraction  of  the  original  number. 

When  sewage  was  first  applied  to  the  sand  filters,  the  number 
of  bacteria  found  in  the  effluents,  while  the  sewage  was  mingling 
with  water  that  was  previously  in  the  sand,  rose  from  the  small 
numbers  that  had  been  in  the  water  to  appreciable  percentages  of 
the  number  that  was  in  the  sewage,  and,  in  the  case  of  Tank  No.  11, 
exceeded  that  number. 

The  maximum  percentages  of  the  number  in  the  sewage  found  in  the 
effluents  at  such  times  were  as  follows  :  No.  1, 31  per  cent. ;  No.  12, 
83  per  cent. ;  No.  13,  40  per  cent. ;  No.  14,  26  per  cent. ;  No.  6,  5 
per  cent. ;  No.  11,  487  per  cent. ;  No  2,  14  per  cent. ;  No.  4,  5 
per  cent. ;  No.  7,  5  per  cent. 

The  sand  of  No.  11  had  been  heated,  and  the  water  of  both  No.  11 
and  No.  12  had  been  boiled  and  put  into  the  sand  when  hot;  and, 
though  the  heating  of  the  sand  and  the  boiling  of  the  water  probably 
sterilized  each  for  the  time,  these  processes  may  have  prepared  the 
organic  matter  in  each  to  be  better  food  for  the  bacteria  afterwards 
brought  in  by  the  sewage,  and  caused  the  number  to  be  greater  than 
would  have  ordinarily  existed.  Omitting  these  in  the  discussion  until 
we  have  opportunity  to  give  them  especial  attention,  the  coarse  sands, 
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like  No.  1,  allowed  from  26  to  40  per  cent,  of  the  bacteria  to  pass 
through  ;  tliQ  mixed  sand  of  No.  6  allowed  5  per  cent,  to  pass ;  the 
fine  sand  of  No.  2  allowed  14  per  cent. ;  and  the  still  finer  sand  of 
No.  4  and  the  soil-covered  sand  of  No.  7  allowed  5  per  cent,  to  pass 
through.  It  is  not  probable  that  the  five  feet  in  depth  of  soil  in  Xo. 
5,  or  the  same  depth  of  peat  in  No.  3,  allowed  any  to  pass  through. 

Tliese  results  show  us  that  it  is  mechanically  possible  for  bacteria 
to  bo  carried  through  the  several  filters  of  sand  in  large  numbers, 
and  with  varying  percentages  of  loss ;  and  that,  when  the  nuuiter 
brought  through  is  far  below  the  percentages  above  given,  we  must 
conclude  that  some  other  condition,  not  merely  mechanical,  is  unfav- 
orable  to  their  passage. 

Immediately  after  the  water  that  bad  been  in  the  sand  of  the 
several  filters  had  been  pushed  out  by  the  incoming  sewage,  so  thnt 
all  of  the  liquid  that  was  in  the  sand  was  from  sewage,  the  numlier 
of  bacteria  decreased ;  and,  in  two  or  three  weeks  from  the  time  of 
the  maximum  number  in  the  eflluents  just  given,  the  percentage  of 
the  number  in  the  sewage  decreased  to  a  minimum  on  a  single  day 
as  follows :  No.  1,  from  31  per  cent,  to  0.24  of  one  per  cent  ;  No. 
12,  frt)m  83  per  cent,  to  one  per  cent. ;  No.  13,  from  40  per  cent,  to 
0.01  of  one  per  cent.  ;  No.  14,  from  26  per  cent,  to  0.03  of  one  per 
cent. ;  No.  6,  from  5  per  cent,  to  0.01  of  one  per  cent. ;  No.  1 1,  from 
487  per  cent,  to  6  per  cent.  ;  No.  2,  from  14  per  cent,  to  0.001  of  one 
per  cent. ;  No.  4,  from  5  per  cent,  to  0.001  of  one  per  cent. ;  No.  7, 
from  5  per  cent,  to  0.001  of  one  per  cent. 

The  conditions  under  which  these  great  changes  occurred,  which 
are  common  to  all  of  the  filters,  were  these :  when  the  sewage  was 
first  applied,  with  its  half-million  of  bacteria  in  each  cubic  centi- 
meter, it  mingled  with  water  in  the  sand  which  contained  some 
absorbed  oxygen  and  some  oxygen  brought  down  mechanically  from 
the  surface ;  and  with  this  supply  of  oxygen,  and  there  being  no 
known  burning  up  of  organic  matter,  from  five  to  forty  per  cent.  o( 
the  bacteria  appear  to  have  been  able  to  survive  the  passage  of  from 
two  to  five  days  through  the  coarse  sands,  and  from  ten  to  twenty  days 
through  the  finer  sands.  But,  when  sewage  took  possession  of  the 
tank,  there  was  no  absorbed  oxygen  in  the  liquid,  and  the  amount  of 
oxygen  taken  in  mechanically  was  used  up  to  a  considerable  extent 
in  combining  with  the  carbon  of  the  organic  matter  ;  and  it  appears 
that  there  was  not  enough  left  to  support  more  than  a  small  fraction 
of  one  per  cent,  of  the  bacteria  on  the  passage  through  the  sand. 
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It  may  be  that,  after  the  first  great  reduction  in  numbers,  there 
came  more  bacteria  of  the  kinds  that  could  survive  the  passage ; 
for,  during  the  next  two  months  with  the  large  tanks,  and  a  shorter 
time  with  the  smaller  tanks,  while  there  was  no  nitrification, 
although  there  was  a  great  reduction  of  organic  nitrogen,  which 
indicates  an  oxidation  of  carbonaceous  matter,  the  number  of 
bacteria  was  higher  than  the  very  small  number  to  which  they  first 
fell.  During  this  period  of  partial  j)urification  without  nitrification 
the  average  percentages  of  the  number  of  bacteria  in  the  sewage 
that  appeared  in  the  efiluents  were  as  follows:  No.  1,  5  per  cent. ; 
No.  12,  7  per  cent. ;  No.  13,  0.1  of  one.  per  cent. ;  No.  14,  0.08  of 
one  per  cent. ;  No.  6,  0.6  of  one  per  cent. ;  No.  11,  26  per  cent. ; 
No.  2,  0.26  of  one  per  cent. ;  No.  4,  0.27  of  one  per  cent.  ;  No.  7, 
1.03  per  cent.  During  this  time  the  sum  of  ammonias  averaged 
about  0.30  parts.  Here,  omitting  No.  11  and  No.  12  as  before,  we 
have  in  the  efiluents  an  average  of  a  little  more  than  one  per  cent,  of 
the  number  of  bacteria  in  the  sewage. 

After  this,  nitrification  began,  and  increased,  in  about  one  month, 
from  0.01  parts  to  0.15  parts ;  and  the  sum  of  the  ammonias  increased 
from  about  0.21  parts  to  about  0.42  parts.  In  this  time  the  num- 
l^ers  of  bacteria  in  the  efiluents  of  the  several  filters  were  the  follow- 
ing percentages  of  the  numbers  in  the  applied  sewage :  No.  1,  0.29 
of  one  per  cent. ;  No.  12,  0.59  of  one  per  cent. ;  No.  13,  0.08  of 
one  per  cent. ;  No.  14,  0.07  of  one  per  cent. ;  No.  6,  0.017  of  one 
per  cent.  ;  No.  11,  2.52  per  cent. ;  No.  2,  0.035  of  one  per  cent. ; 
No.  4,  0.037  of  one  per  cent. ;  and  No.  7,  0.008  of  one  per  cent. 
Omitting,  as  before  No.  11  and  No.  12,  these  average  0.077  of  one 
per  cent. 

Immediately  after  this  time,  generally  in  May,  1888,  the  nitrates 
increased  rapidly,  —  in  a  little  more  than  two  weeks, — from  0.15 
parts  to  about  2.42  parts,  while  the  sum  of  ammonias  decreased 
from  about  0.42  parts  to  0.29  parts.  In  this  time  the  numbers  of 
bacteria  were  the  following  percentages  of  the  numbers  in  the 
applied  sewage :  Filter  No.  1,  0.10  of  one  per  cent.  ;  No.  12,  0.08 
of  one  per  cent. ;  No.  13,  0.008  of  one  per  cent. ;  No.  14,  0.05  of 
one  per  cent. ;  No.  6,  0.002  of  one  per  cent. ;  No.  11,  0.29  of  one 
per  cent.  ;  No.  2,  0.001  of  one  per  cent. ;  No.  4,  O.OOl  of  one  per 
cent. ;  and  No.  7,  0.001  of  one  per  cent.  Here  No.  11  is  the  only 
exceptional  one ;  omitting  this,  the  others  average  0.03  of  one 
per  cent. 
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After  the  nitrates  reached  the  maximum,  when  they  contained 
nearly  as  much  and  in  some  cases  more  nitrogen  than  was  in  the 
sewage  applied,  —  in  which  cases  stored  nitrogeDons  matter  waa 
being  burned  out  of  the  sand,  —  the  nitrates  decreased,  in  varying 
times,  from  about  2.42  parts  to  about  0,90  parts,  while  the  sum  of 
ammonias  was  decreasing  from  about  0.27  parts  to  an  established 
low  condition,  averaging  about  0.018  parts. 

While  this  change  to  an  estal^lished  condition  of  purification  of 
the  effluent  was  going  on,  the  numbers  of  bacteria  were  the  following 
percentages  of  the  numbers  in  the  applied  sewage:  Filter  No.  1, 
0.26  of  one  per  cent. ;  No.  12,  0.013  of  one  per  cent. ;  No.  13, 
0.004  of  one  per  cent. ;  No.  14,  0.39  of  one  per  cent. ;  No.  6,  0.001 
of  one  per  cent. ;  No.  11,  0.07  of  one  per  cent. ;  No.  2,  0.017  of 
one  per  cent. ;  No.  4,  0.003  of  one  per  cent. ;  and  No.  7,  0.002  of 
one  per  cent.  Omitting  No.  11,  as  before,  and  No.  14,  which  was 
filtering  an  exceptionally  large  quantity,  we  have  an  average  of 
O.OGO  of  one  per  cent,  of  the  number  in  the  sewage. 

We  now  reach  the  condition  in  which  the  several  effluents  were 
in  well-established  purification  through  nitrification.  Selecting  the 
first  month  of  each,  when  the  nitrates  averaged  1.032  parts  and  the 
sum  of  ammonias  averaged  0.014  parts,  the  percentages  of  the 
number  of  bacteria  of  the  sewage  found  in  the  several  effluents  are 
given  on  page  582.  Omitting,  as  before,  No.  11  and  No.  14,  the 
average  percentage  is  0.070  of  one  per  cent. 

Finally,  after  the  filters  had  been  filtering  sewage  for  a  year  or 
more,  the  average  conditions  of  the  effluents  are  to  he  found  on 
page  583,  where  the  average,  taken  like  the  last,  gives  us  0.050  of 
one  per  cent,  of  the  numbers  in  the  sewage. 

Arranging  all  of  the  preceding  results,  so  that  we  may  compare 
the  number  of  bacteria  found  in  the  several  effluents  at  the  diflferent 
periods,  in  terms  of  the  percentage  of  the  numbers  in  the  applied 
sewage,  we  have  the  following  table  :  — 
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Percentages  the  Number  of  Bacteria  in  the  Effluents  were  of  Those 

at  Different  Periods. 

in  the  Sewage 

NrXBRR 

of 

FiLTCK. 

Maximum   Percent- 
ages when  Hewuge 
First  Applied  was 
mingling  with  Wa- 
ter in  the  Filter. 

Minimum    Percent- 
ages soon  after  Wa- 
ter was    Expelled 
from  the  Filter. 

during  Partial  Puri- 
flcriUon  without  Ni- 
trification. 

Average  Percentages 
when  Nitrates  were 
slowly    Increasing 
from  0.01    to    015 
Parts,  and  Ammo- 
nias were  fhim  0.21 
to  0.42  ParU. 

Average  Percentages 
when  Nitrates  were 
rapidly  Increasing 
from  0.16    to    226 
Parts,  and  Amino- 
nias  were  from  0.42 
to  0.29  Parts. 

Average  Percentages 
during     ttie    First 
Month  after  Estab- 
lished Purification. 

Average  Percentages 
from  Three  to  Eight 
Months,    generally 
in  the  Second  Year 
of  Filtration. 

1.        . 

;     31. 

0.24 

6. 

0.29 

0.10 

0.26 

0.3 

0.19 

12, 

'          83. 

1. 

7. 

0.50 

0.08 

0.18 

0.15 

- 

13, 

40. 

0.01 

0.1 

0.08 

0.008 

0.004 

0.005 

0.02 

1*. 

2«. 

0.03 

0.08 

0.07 

0.05 

0.39 

3. 

3. 

6, 

6. 

O.Ol 

0.6 

0.017 

0.002 

0.001 

0.02 

0.08 

11. 

-    487. 

6. 

26. 

2.52 

0.29 

0.07 

1. 

- 

2. 

i      ^*' 

0.001 

0.26 

0.035 

0.001 

0.017 

0.01 

0.003 

4. 

1       ^' 

0.001 

0.27 

0,037 

0.001 

0.003 

0.001 

0.002 

7, 

I            6. 

0.001 

1.03 

0.008 

O.OOl 

0.002 

0.001 

O.OOl 

Average,* . 

18. 

0.042 

1.05 

0.077 

0.030 

0.060 

0.070 

0.050 

*  Omitting  the  czcopiional. 


From  this  summary  we  find  from  the  average  results  of  the  filters, 
—  omitting  those  which  have  exceptional  conditions,  —  that,  under 
the  most  favorable  conditions,  from  5  to  40  per  cent,  of  the  bacteria 
applied  lived  to  get  through  the  filters,  the  smaller  number  being 
through  fine  material  and  the  larger  number  being  through  coarse 
sand,  the  average  amounting  to  18  per  cent.  This  was  before  the 
liquid  in  the  tank  was  all  from  sewage  ;  and,  being  a  condition  that 
is  never  found  after  a  filter  has  been  used  some  months  for  sewage, 
it  is  of  interest  only  in  showing  that  it  is  mechanically  possible  for 
bacteria  to  pass  through  these  materials,  under  favorable  conditions, 
with  a  loss  of  from  60  to  95  per  cent. 

The  minimum  number  found  on  a  single  day,  when  the  conditions, 
without  nitrification,  were  exceptionally  unfavorable,  — given  in  the 
third  column,  and  averaging  but  0.042  of  one  per  cent.,  —  are 
significant,  but  may  be  passed  to  consider  the  more  general  condition 
given  in  the  fourth  column  of  the  average  in  the  large  tanks  num- 
bered from  1  to  7,  for  two  months  or  more,  and  in  the  others  for  a 
much  shorter  time,  when  there  was  a  marked  reduction  in  the 
organic  matter  by  the  burning  up  of  carbonaceous  matter,  but 
resulting  in  only  a  partial  purification  with  no  nitrification.     At  this 
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time  there  survived  the  passage  from  0.08  of  one  per  cent,  to  5  per 
cent.,  averaging  1.05  per  cent,  of  the  number  in  the  sewage. 

We  must,  from  the  result,  regard  the  conditions  ^t  this  time  as 
unfavorable  to  the  passage  of  bacterid  through  the  sands  far  beyond 
that  due  to  mechanical  obstruction.  Nearly  99  per  cent,  died  where 
there  was  apparently  an  abundance  of  food,  and  no  destruction  by 
the  formation  of  nitric  acid  or  nitrates.  Carbonic  acid  was  formed; 
and  probably  the  oxygen  was  in  some  part  of  the  passage  all  u<ed 
up  in  combining  with  the  carbon. 

We  may  suppose  that  their  general  destruction  at  this  time,  and 
in  the  previous  time  soon  after  sewage  took  possession  of  the  tank, 
was  due  to  tlie  character  of  the  food  met  w^ith,  and  to  being  deprived 
of  oxygen. 

The  marked  difference  in  the  conditions  of  the  liquid  passing 
through  the  sand  in  the  perJods  giving  the  results  in  the  second  and 
third  columns,  is  an  abundance  of  oxygen  in  the  former  and  little 
or  none  in  the  latter.  The  results  in  the  fourth  column  are  also 
obtained  at  a  time  when  the  oxygen  that  was  not  used  in  burning  up 
the  carbonaceous  matter  must  have  been  in  small  quantity. 

That  the  character  of  the  food  met  with  has  an  important  effect 
upon  the  result,  is  illustrated  by  the  exceptional  results  obtained  up 
to  this  time  in  Filter  No.  11,  when  compared  with  identical  sand  in 
No.  6  ;  and  in  Filter  No.  12,  when  compared  with  identical  sand  in 
No.  1. 

The  sands  of  No.  6  and  No.  1  were  in  natural  condition,  as  they 
had  been  taken  from  the  pit ;  but  that  of  No.  11  was,  when  put  into 
the  tank,  passed  in  thin  layers  over  red-hot  iron,  by  which  its 
organic  matter  —  less  than  one  per  cent,  of  the  whole  —  was  probably 
partly  burnt  and  partly  baked ;  and  the  water  which  was  first  put 
into  the  tank  was  boiled  and  poured  in  upon  the  hot  sand,  which 
caused  it  to  boil  again  in  the  tank.  In  this  way  the  sand  and  water 
were  freed  from  bacteria,  or  were  sterilized,  and  the  organic  material 
they  contained  was  burned  or  cooked.  This  appears  to  have  so  pre- 
pared it  that  it  was  particularly  favorable  for  the  support  of  bacteria 
on  their  passage  through  this  sand.  Ten  days  after  this  tank  was 
filled  and  after  the  first  sewage  was  applied,  the  number  of  bacteria 
in  the  effluent  was  nearly  five  times  the  number  in  the  applied  sew- 
age, and  nearly  one  hundred  times  as  many  as  came  through  like 
sand  in  Tank  No.  6,  w^hich  had  not  been  heated ;  and  for  more  than 
three  months  the  number  continued  nearly  one  hundred  times  as 


Digitized  by  VjOOQ IC 


FILTRATION  OF  SEWAGE. 


593 


many  as  in  No.  6,  and  did  not  decrease  to  equal  No.  6  until  nitrifi- 
cation had  been  high  for  a  month. 

AVhen  Tank  No.  12  was  filled,  the  water  that  was  first  poured  into 
it  was  boiled,  and  put  into  the  sand  hot ;  and  nine  days  later,  after 
sewage  bad  been  passing,  through  daily,  the  number  of  bacteria  in 
the  efiHuent  was  83  per-cent*  of  the  number  applied  in  the  sewage, 
and  nearly  three  times  as  many  as  came  through  like  sand  in  Tank 
No.  1.  The  excess  in  No.  12  over  No.  1  continued  about  two 
months. 

To  determine  if  boiled  water  would  support  bacteria  in  greater 
numbers  than  unboiled  water,  the  following  experiment  was  made. 
A  quart  of  water  from  the  city  service  pipe  was  boiled  in  a  clean 
flsisk  with  a  return  condenser  for  one  hour,  and  thus  sterilized. 
After  cooling,  it  was  mixed  with  ten  per  cent,  of  unboiled  city 
water. 

Another  clean  flask  was  filled  with  unboiled  city  water ;  and  both 
flasks,  covered  with  inverted  beakers,  were  set  aside  together,  where 
each  would  have  the  same  temperature,  on  May  14,  1890.  The 
numbers  of  bacteria  found  in  a  cubic  centimeter  of  each  were  as 
follows :  — 


Date. 

rity  Wiiter. 
Number  of 
BacterU. 

City  Water 

Number  of 
Bacteria. 

Date. 

City  Water. 
Number  of 
Bacteria. 

City  Water 

Boiled. 
Number  of 
Bacteria. 

May  14 

n 

21 

27 

196 
TO 
SI 

789 

-  1  1  i 

5    8    8 

Judo  4,    .       .       .       . 

T 

10 

13.    ...        . 

12 

103,480 

63,140 

128,040 

630 

A  similar  experiment,  made  to  determine  if  turning  boiling  water 
through  sand  would  cause  the  sand  to  support  more  bacteria  while 
cold  water  was  afterwards  passing  through  it,  gave  the  following 
result :  — 

Sand  like  that  of  Tank  No.  1  was  put  into  two  glass  funnels.  On 
May  14,  500  cubic  centimeters  of  cold  city  water  were  poured  through 
one,  and  the  same  amount  of  boiling  city  watei  was  poured  through 
the  other.  On  the  following  days  100  cubic  centimeters  of  cold  city 
water  were  poured  through  each,  and  the  numbers  of  bacteria  counted 
in  a  cubic  centimeter  of  the  efliuent  were  as  follows ;  — 
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Datb. 

Sand  which 
had  not 

been  heated. 
Number  of 
Bacteria. 

Sand  which 

had  been 

heated. 

Number  of 

Bacteria. 

Date. 

Sand  whkrii 

had  DOC 

been  heated. 

N  umber  Af 

Bacteria. 

Sand  wh.c\ 
tiad  b(vu 
heatwJ. 

Number  c-f 
Bacteria. 

1880. 

May  15 

16 

Ul 
4,76« 

17 
120 

May  17» 

188». 

♦        •        •        • 

S25 

S85 

M12 

2T,eif 

A  like  increase  in  the  number  of  bacteria  followed  heating  the 
sand  in  Tank  No.  13,  by  boiling  water  as  given  on  page  155. 


Bacteria  decjrease  with  Completeness  of  Xftrification  ixde- 

PENDENTLY   OF   THE   SUM   OF  AmMONIAS. 

We  have  seen  that  it  is  mechanically  possible  for  from  5  to  40  per 
cent.,  averaging  18  per  cent.,  of  the  number  of  bacteria  applied  in 
the  sewage  to  pass  through  the  several  filters ;  but  that,  after  inter- 
mittent filtration  is  established  and  no  nitrification  is  taking  place, — 
although  there  is  a  destruction  of  organic  matter  by  the  burning  up 
of  some  of  the  carbonaceous  matter,  — the  number  of  bacteria  that 
survived  the  passage  was  from  0.08  of  one  per  cent,  to  five  per  cent., 
averaging  1,05  per  cent.  In  this  condition  of  partial  purification 
99  per  cent,  of  the  bacteria  are  destroyed ;  but,  when  nitrification 
begins,  the  number  surviving  the  passage  suddenly  decreases  to  onlv 
0.08  of  orte  per  cent.,  and  a  still  further  decrease  to  about  0.O3  of 
one  per  cent,  when  nitrification  becomes  complete. 

During  each  of  these  stages  there  appears  to  be  no  lack  of  food 
for  bacteria ;  for  both  free  and  albuminoid  ammonia  are  abundant, 
their  sum  averaging  from  0.2  to  0.4  parts  per  100,000  of  the 
efiHuent. 

In  the  stages  which  follow,  a  decrease  in  the  sum  of  ammonias  i? 
not  accompanied  with  a  further  decrease  in  the  number  of  bacteria. 
In  the  seventh  column  we  have  a  decrease  in  the  sum  of  ammonias, 
from  0.270  parts  to  0.018  parts,  accompanying  a  decrease  in  nitrat^es 
from  2..42  parts  to  0.90  parts,  but  a  much  higher  average  condition 
of  nitrates  than  in  the  previous  columns ;  but  the  number  of  bacteria 
is  higher,  and,  when  the  sum  of  ammonias  is  maintained  at  the  very 
small  amount  of  0.0140  parts,  or  about  one-half  of  one  per  cent,  of 
the  sum  of  ammonias  of  the  sewage,  the  average  percentage  of  the 
number  of  bacteria  continues  about  the  same;  viz.,  0.07  and  0.05 
of  one  per  cent,  of  the  number  in  the  sewage. 
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We  do  not  here  find  that  the  number  of  bacteria,  after  nitrification 
begins,  decreases  with  the  decrease  in  the  sum  of  the  ammonias ; 
but  it  does  decrease  with  the  completeness  of  the  nitrification. 

Bacteria  also  independent  op  the  Albuminoid  Ammonia. 

As  free  ammonia  is  generally  an  indication  of  organic  matter  that 
previously  existed,  it  may  be  that  in  these  effluents  it  is  not,  even 
when  abundant,  in  a  form  that  serves  as  food  or  support  to  bacteria ; 
and,  as  the  changes  noted  in  regard  to  the  sum  of  ammonias  are  in 
great  part  changes  in  free  ammonia,  it  will  be  useful  to  examine  the 
actual  amounts  of  albuminoid  ammonia  in  the  effluents  at  the  several 
periods.     These  are  given  in  the  following  table  :  — 


Perccntnire  of  the 

Number  of 

Bacteria  In  the 

8<?wage  that 

are  found  in  the 

Elfluentfl. 

Amount  of 

Albuuiiixiiil  Am- 

monia  in  the 

KfTliiPnu.  In 

Part*  per  100,000. 

Percentage  of  the 

Number  of 

Bacteria  in  the 

Sewage  that 

arc  found  In  the 

Effluents. 

Amount  of 

Albuminoid  Am* 

moitiii  in  the 

Effiupntn.  in 

Part*  per  100,000. 

Percentage  of  the 

Number  of 

Bacteria  in  the 

Sewage  that 

arc  found  in  tlie 

Emucnts. 

Amount  of 
Albuminoid  Am- 
monia in  the 
Effluents,  in 
Parts  per  100,000. 

18. 
0.042 
1.05 

0.0180 
0.0110 
0.0220 

0.077 
0.023 
0.060 

0.0180 
0.0150 
0.0140 

0.070 
0.060 

1 

0.0110 
0.0110 

Here  we  find  the  albuminoid  ammonias,  at  the  several  periods, 
nearly  constant  at  two  or  three  per  cent,  of  the  albuminoid  ammonia 
of  the  sewage,  and  in  amount  and  in  variation  as  usually  found  in 
drinking  water  supplies  ;  but  there  appears  to  be  ho  relation  between 
the  number  of  bacteria  and  the  amount  of  albuminoid  ammonia. 
For  example,  we  find  the  same  amount  of  albuminoid  ammonia 
when  the  number  of  bacteria  in  the  efl[luents  averaged  18  per  cent, 
of  the  number  in  the  sewage  as  when  the  number  was  only  0.077  of 
one  per  cent. ;  hence  w^e  cannot  ascribe  the  difference  in  number  in 
ihe  latter  case  to  be  due  to  the  want  of  albuminoid  ammonia  for  food. 
It  is,  however,  possible  that  the  albuminoid  ammonia  remaining  in 
the  effluent  when  nitrification  was  active  expressed  a  quality  of 
organic  matter  very  difficult  to  decompose,  and  not  as  well  adapted 
to  support  bacteria  as  that  in  the  effluent  before  nitrification  began. 

The  Same  Conclusions  reached  if  Fine  Sand  Filters  are  not 

included. 

We  have  been  considering  all  of  the  filters  of  the  table  that  did 
not  present  conditions  that  were  evidently  exceptional ;  but,  as  we 
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have  found  strong  ground  for  concluding  that  no  bacteria  live  to  pass 
through  the  fine  sand  and*  soil  covered  filters  after  nitrification  was 
established,  it  will  be  necessary  to  see  the  effect  of  the  difierent  con- 
ditions of  the  effluent  in  the  coarse  sand  filters,  No.  1,  No.  13  and 
No.  6.  Upon  taking  the  mean  from  the  several  columns  of  the 
table  for  these  tanks,  we  find  the  same  order  of  change  as  in  the 
mean  for  all  of  the  tanks,  the  means  for  these  coarse  sand  tanks 
being  from  1.5  to  2  times  the  means  for  all ;  hence  the  same  con- 
clusions would  be  reached  in  regard  to  the  destructive  effect  of 
nitrification  and  the  independence  of  the  result  upon  the  greater  or 
less  amount  of  the  sum  of  ammonias. 

Probable  Destruction  op  Bacteria  by  Oxidation. 
Although  the  number  of  bacteria  in  the  effluent  was  relatively 
small,  being  but  one  per  cent,  of  the  number  in  the  sewage,  when 
carbonic  acid  was  formed  in  the  burning  up  of  carbon  in  organic 
matter,  and  the  number  was  decreasing  as  the  process  continued, 
yet  it  was  very  much  smaller,  being  from  0.03  to  0.07  of  one  per 
cent,  when  nitric   acid  was  formed  in  the  burning  up  of  nitrogen 
derived  from  organic  matter  of  the  sewage ;  and  the  least  number 
was  when  this  oxidation  of  nitrogen  was  most  complete.     It  would 
follow,  in  a  permanently  established  condition  of  nitrification,  that, 
when  nitrification  was  most  complete,  the  amount  of  the  ammonias 
in  the  effluent  would  be  the  least ;  but  in  the  varying  condition  of 
the  sewage  applied,  and  the  storing  and  subsequent  giving  off  of 
ammonias   from  the  sand,   we  have   sometimes  found  the  highest 
nitrification  and  the  smallest  number  of  bacteria  when  there  was  a 
large  supply  of  the  ammonias  in  the  effluent.     This  would  indicate 
tliat  the  most  complete  destruction  of  bacteria  was  not  due  to  a 
failure   of  food,    so   far  as  that  may  be   supplied  by  the  free  or 
albuminoid  ammonia  of  these  effluents,  but  was  rather  due  to  the 
process   of  the  formation  of  nitrates, — the  burning  process.    We 
have  thought  that  their  destruction  might  be  due  to  being  deprived 
of  oxygen  that  was  used  in  the  oxidation  of  other  organic  matter ; 
but  it  may  be  due  to  their  own  oxidation,  —  to  their  being  burned. 

The   Eftluents   from   the   Filters  not  adapted  to  support 

Bacteria. 
We  have  found  that,  if  food  that  has   been   proved  to  be  well 
adapted  to  the  growth  of  bacteria  be  applied  to  one  of  these  filters, 
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when  the  sewage  ordinarily  applied  is  being  very  completely  nitri- 
fied, the  number  of  bacteria  will  for  a  time  be  greatly  increased,  and 
continue  high  until  this  food  has  passed  out  or  is  becoming  nitrified ; 
from  which  we  may  conclude  that  the  free  and  albuminoid  ammonias,^ 
—  although  quite  high  in  an  effluent,  —  when  they  are  the  residue  of 
a  much  larger  amount  that  has  been  burned,  indicate  substances  that 
are  much  less  able  to  support  bacterial  life  than  fresh  organic  sub- 
stances, that  would  give  the  same  amount  of  free  and  albuminoid 
ammonia  in  a  solution. 

Examinations  have  been  made  of  the  number  of  bacteria  in  the 
effluent  from  Tanks  No.  1,  No.  2,  No.  4  and  No.  6,  from  hour  to 
hour,  while  filling  and  after  standing  two  or  three  days  in  the  meas- 
uring basins,  to  determine  whether  bacteria  would  increase  in  num- 
bers in  these  effluents,  when  exposed  to  the  air  under  circumstances 
probably  more  favorable  to  their  growth  than  if  turned  into  a 
drinking-water  stream. 

In  some  cases  there  was  an  increase  in  numbers  on  standing,  and 
in  others  a  decrease ;  but  in  no  case  did  the  growth  of  bacteria  in 
these  effluents  indicate  that  the  remaining  organic  matter  was  well 
adapted  to  support  bacteria. 

.  May  the  Filtered  Effluent  be  used  for  Drinking  ? 

We  now  come  to  the  important  question  of  the  character,  as 
regards  healthfulness  of  the  effluents  obtained  by  filtering  sewage 
intermittently  through  five  feet  In  depth  of  sand,  after  the  sand  has 
filtered  sewage  for  a  year  or  more  without  being  cleaned. 

We  have  found  that  the  sum  of  ammonias,  which  have  been  taken 
to  indicate  the  amount  of  nitrogenous  organic  matter,  has  been 
reduced  to  about  one-half  of  one  per  cent,  of  those  in  the  sewage, 
and  is  less  than  the  sum  of  ammonias  of  most  of  the  public  drink- 
ing-water supplies  of  the  State.  ' 

The  chlorine  and  nitrates  are  higher  than  in  the  public  drinking 
waters.  They  indicate  in  these  effluents,  as  their  excess  above  th6 
normal  does  in  the  drinking  waters,  that  the  water  which  contains 
them  came  from  sewage ;  but,  in  the  absence  of  the  ammonias,  they 
indicate  that,  though  the  water  came  from  sewage,  the  organic  impuri- 
ties have  been  destroyed,  and  these  are  merely  mineral  constituents 
which  remain  after  that  destruction.  They  are  principally  common 
Bait  and  saltpetre,  which,  in  the  quantities  found  in  any  of  the  eflu- 
ents,  are  regarded  as  entirely  harmless. 
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Judging  by  the  chemical  analyses,  there  is  nothing  in  the  effluents 
known,  or  even  suspected  by  chemists,  to  be  harmful. 

Although  nearly  all  of  the  bacteria  that  were  in  the  sewage  did 
not  live  to  pass  through  the  filters,  there  have  been  found  in  the 
effluents  from  filters  of  coarse  sand  more  bacteria  than  are  found  in 
the  public  drinking  supplies,  and  some  of  these  evidently  come  from 
the  sewage ;  and,  until  we  learn  that  disease-producing  bacteria  are 
not  among  those  that  come  through,  we  must  assume  that  they 
may  be  among  them  ;  and,  although  reduced  in  numbers  to  such  an 
extent  that  they  may  do  no  harm,  we  yet  know  that  bacteria  in 
general  increase  with  enormous  rapidity  when  under  favorable  con- 
ditions, and  we  do  not  yet  know  enough  to  allow  us  to  assume  that 
the  very  small  number  of  one  or  two  in  a  thousand  of  the  number 
in  the  sewage  that  come  through  may  not  increase  in  the  human 
body  or  under  other  conditions  to  such  numbers  as  to  be  harmful. 

From  this  cause  we  are  not  able  to  assume  that  the  effluent  from  the 
coarse  sand  filters  five  feet  in  depth  is  suitable  for  drinking  water. 

The  effluent  from  the  extremely  fine  sand  filter.  No.  4,  and  that 
from  the  soil-covered  filter,  No.  7,  and  a  part  of  the  time  from  the 
fine  sand.  No.  2,  we  have  strong  ground  for  concluding  contained  no 
bacteria  from  the  sewage.  The  numbers  that  were  found  in  the 
effluents  were  smaller  than  are  usually  found  in  public  drinking 
supplies  ;  and  we  have  good  reason  for  concluding  that  they  all  grew 
in  the  gravel  and  underdrains  beneath  the  filters.  If  these  conclu- 
sions are  correct,  there  is  no  known  reason  why  these  effluents 
may  not  be  used  with  safety  for  drinking. 

The  effluent  from  No.  2  has  been  frequently  used  for  drinking  by 
a  number  of  people,  without  any  noticeable  effect ;  but  none  of  them 
have  been  used  continuously  by  a  large  number  sufficiently  to  prove 
their  safety.  In  the  absence  of  such  positive  evidence,  we  have 
made  the  following  comparisons. 

The  city  of  Lawrence  is  provided  with  a  public  water  supply 
from  the  river ;  but  there  are  a  dozen  or  more  wells  scattered  about 
the  city,  on  the  sides  of  streets,  that  have  been  used  for  many  years 
for  watering  horses,  and  are  still  used  for  this  purpose,  orforsupply- 
ing  drinking  water  to  families  in  the  neighborhood,  and  particularly 
are  used  by  the  public  for  a  cool  draught  of  water  in  the  summer, 
when  it  is  much  more  refreshing  than  the  city  reservoir  water. 

The  water  from  ten  of  these  wells  has  been  analyzed  and  examined 
for  bacteria,  and  the  results  obtained  from  seven  of  them  are  arranged 
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below,  with  the  average  result  obtained  by  analysis  of  the  filtered 
sewage  from  six  of  our  filters,  covering  from  two  to  eight  months, 
after  most  of  them  had  been  in  use  a  year  or  more. 

Comparison  of  the  Effluent  from  Several  of  the  Filters  filtering    Sewage^  with 
Wetter  from  Wells  in  Common  Use. 


Ajckonias. 

i 

KlTBOOKV  AS 

9 
Jil 

AVBRAOK  ErFLDBNT  FKOH 

1 

1^ 

1 

S 

g 

Tank  No.  1,  for  two  months, 
Well  water,  Atlantic  Street, 

.0318 
.1410 

.0272 
.0156 

.0586 
.1565 

4.83 
8.08 

1.78 
a.37 

.0008 
.0024 

549 
4,370 

Tfttik  No.  13,  for  six  montha, 
WeU  water,  Hampshire  Street, 

.0011 
.0078 

.0106 

.0118 

.0116 
.0106 

7.28 
7.51 

1.25 
2.00 

.0004 
.0007 

76 
128 

Tar^k  No.  6,  for  three  roonths, 
WeU  water,  Aodover  Street, 

.0036 
.0184 

.0104 
.0046 

.0140 
.0230 

4.08 
2.79 

1.66 
1.60 

.0002 
.0018 

678 
46 

Tank  No.  6.  for  »!x  montha, 
WeU  water.  Mechanic  Street, 

.0014 
.0016 

.0074 
.0076 

.0088 
.0092 

4.51 
6.29 

1.11 
4.20 

1 

.0001 
.0000 

.     319 
240 

Tank  No.  4,  for  two  montha, 
^Vell  water,  Sulem  Street, 

.0026 
.0070 

.0108 
.0086 

.0133 
.0156 

3.72 
7.67 

;      0.75 
1.40 

.0002 
.0014 

20 
447 

Tank  No.  2,  for  four  months. 
Well  water,  Lowell  Street, 

.0007 
.0012 

.0065 
.0070 

.0072 
.0082 

3.98 
7.11 

0.71 
2.10 

.0000 
.000 

17 
27 

Tank  No.  7,  for  eljrht  months. 
Well  water,  liaverhill  Sireet, 

.0014 
.0022 

.0065 
.0050 

.0077 
.0072 

4.04 
2.44 

1.06 
0.55 

.0000 
.0016 

7 
344 

Here  we  find,  for  each  of  the  filters  filtering  sewage,  a  well  the 
water  of  which  is  used  for  drinking  by  many  people,  but  is  in  fact 
sewage  not  so  well  purified  as  the  effluent  from  the  filter  with  which 
it  is  associated.  This  is  not  presented  to  show  that  the  effluent  from 
the  filters  is  good  for  drinking,  for  we  have  no  reason  to  so  regard 
those  at  least  in  the  upper  half  of  the  table,  and  we  should  withqut 
hesitation  pronounce  the  well  waters  in  the  upper  half  of  the  table 
as  unsafe  to  drink ;  but  we  present  this  comparison  to  show  that 
waters  in  every  way  as  impure  and  as  certainly  derived  from  sewage 
as  the  effluents  from  the  several  sewage  filters  are  being  used  daily, 
and  have  been  used  for  years  by  multitudes  of  people,  without  their 
knowing  that  they  were  harmed  by  them. 

Every  one  of  these  wells  should  be  regarded  as  unsafe,  some  of 
them  dangerous  in  their  present  condition,  and  others  unsafe  because 
of  what  they  may  change  to  from  day  to  day. 

If  these  wells  contained  unpolluted  water,  the  chlorine  would  be 
about  0.36,  while  it  is  from  seven  to  twenty-two  times  this  amount ; 
the  nitrates  would  be  about  0.01  or  0.02,  while  they  are  from  0.55 
to  4.20. 
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The  latter  show  that  a  large  amount  of  organic  matter,  generally 
more  than  there  is  in  sewage  in  a  sewer,  has  been  burned  out  of 
these  waters,  and  the  high  chlorines  show  that  this  organic  mat- 
ter was  of  the  same  character  as  that  in  sewage.  From  the  amounts 
in  most  of  these  well  waters  we  must  conclude  that  their  previous 
condition  was  worse — -that  is,  more  polluted  —  than  ordinary 
sewage  in  sewers,  and  that  on  its  way  to  some  of  the  wells  it  has  by 
intermittent  filtration  through  the  ground  been  purified  to  such  an 
extent  that  they  may  not  in  their  present  condition  be  harmful ;  and, 
where  the  numbers  of  bacteria  are  continually  small  and  the  ammo- 
nias low,  they  probably  are  not  harmful ;  but,  where  the  numbers  of 
bacteria  are  large  and  the  ammonias  are  large,  although  the  waters 
have  been  previously  much  worse  than  at  present,  and  have  to  a 
considerable  degree  been  purified,  their  present  condition  indicates 
that  the  material  through  which  they  have  filtered  has  not  been  able 
to  exclude  bacteria  nor  to  bum  up  all  of  the  food  they  live  on ; 
hence,  if  disease  germs  get  into  their  source,  some  of  them  will 
probably  get  into  these  wells.  Such  of  the  wells  as  are  included  in 
this  latter  class  should  be  filled  with  earth,  and  never  used  again. 
Others,  if  examined  from  time  to  time,  and  always  found  with  low- 
ammonias  and  small  number  of  bacteria,  would  probably  be  harm- 
less ;  and  we  should  have  the  same  ground  for  concluding  that  the 
efiiuent  from  sewage  at  those  fine  sand  or  soil-covered  filters  through 
which  no  bacteria  come  from  the  sewage  would  also  be  harmless  for 
drinking. 

These  comparisons  have  been  made,  not  to  advise  drinking  any 
of  the  well  waters  that  have  been  cited,  nor  any  of  the  effluents 
from  the  sewage  filters,  but  to  show  that,  as  people  are  drinking 
such  waters  with  impunity,  with  which  the  effluents  from  the  filters 
of  fine  sand  compare  favorably  in  every  respect,  there  can  be  no 
doubt  that  the  effluents  from  sewage  filtration  through  such  filters 
can  be  turned  into  a  drinking-water  stream,  where  they  will  be 
much  diluted,  without  risk  of  injury  to  those  who  drink  from  it. 
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INTERMITTENT  FILTRATION  OF  WATER. 


In  November  and  December,  1887,  the  large  filtering  tanks  in  the 
field  were  used  for  the  intermittent  filtration  of  water  taken  from 
the  service  pipes  of  the  city  of  Lawrence. 

The  results  of  those  experiments  were  given  in  the  nineteenth 
annual  report  of  the  State  Board  of  Health,  pages  46  to  64.  The 
general  result  with  tanks  No.  1,  No.  2,  No.  6,  No.  7  and  No.  8, 
when  filtering  from  300  gallons  to  4,000  gallons  a  day,  during  those 
two  months,  was  the  removal  of  about  four-fifths  of  the  nitrogenous 
organic  matter,  as  shown  by  the  sum  of  ammonias ;  but,  as  there 
was  no  nitrification,  —  in  fact,  the  nitrates  were  reduced  in  nearly 
the  same  proportion  as  the  anmionias,  —  it  is  evident  that  the 
impurities  removed  from  the  water  during  those  two  months  must 
have  been  in  large  part  retained  by  the  sand.  There  was  no  indica- 
tion of  any  burning  process,  by  which  the  organic  matter  could  be 
changed  to  mineral  matter. 

While  the  effluents  were  of  very  good  quality,  —  the  free  ammonia 
of  the  city  water,  being  0.0025  parts,  was  reduced  to  0.0003  parts, 
and  the  albuminoid  ammonia  from  0.0134  was  reduced  to  0.0028 
parts,  —  and  there  was  no  decrease  in  quality  by  the  continuance 
of  the  filtration,  still,  the  time  was  too  short  to  enable  conclusions 
to  be  reached  in  regard  to  the  result  that  would  be  obtained  if  the 
filtration  should  be  continued  indefinitely.  All  these  tanks,  except 
No.  8,  were  after  the  first  two  months  used  for  the  filtration  of  sew- 
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Tank  No.  8  has  been  contiifued  filtering  water  for  two  years  with 
very  satisfactory  results.  This  tank  was  filled  with  the  same  kind 
of  materials  as  Tank  No.  7,  which  has  been  previously  described; 
but  on  Jan.  13,  1888,  the  six  inches  in  depth  of  brown  soil  at  the 
surface,  and  two  inches  in  depth  of  yellow  loam,  which  underlaid  it, 
were  replaced  by  six  inches  in  depth  of  the  material  like  that  under 
the  yellow  loam;  so  that,  after  Jan.  13,  1888,  Tank  No.  8  waa 
filled  as  follows  :  — 

The  lower  seven  inches,  in  which  were  the  underdrains,  were 
made  up  of  a  layer  of  stones,  about  one  inch  by  two  inches,  covering 
the  bottom  of  the  tank,  upon  which  were  stones  of  smaller  size, 
followed  by  layers  of  fine  gravel,  and  by  two  or  three  inches  of 
coarse  sand  like  that  of  Tank  No.  1.  Above  the  lower  seven  inches 
were  three  feet  and  eight  inches  in  depth  of  fine  gravel  and  coarse 
and  fine  sand.  Above  this  was  a  depth  of  eight  inches  of  yellow, 
sandy  loam,  and  this  was  covered  with  a  depth  of  six  inches  of  fine 
gravel  and  coarse  and  fine  sand  like  that  beneath  the  loam.  The 
percentages  of  grains  of  difierent  sizes  in  the  two  kinds  of  material 
are  given  in  the  following  table  :  — 


Approximate  Di- 
ameter of 
OrainSfinluchea. 


Sand  and 

Qravel. 

Percentage. 


YeKow 

Loam. 

PcpcentaiT-. 


Coarser  than  sieve  No.  2, 

Between  sieve  No.  2  and  No.     4, 

Between  sieve  No.  4  and  No.    10, 

Between  sieve  No.  10  and  No.    20, 

Between  sieve  No.  20  and  No.    40, 

Between  sieve  No.  40  and  No.    55, 

Between  sieve  No.  55  and  No.    70, 

Between  sieve  No.  70  and  No.  100, 
Between  sieve  No.  100  and  No.  140, 


0.020 
0.012 
0.010 
0.008 
0.005 
0.003 
0.001 
0.000 


to  0.048 
to  0.020 
to  0.012 
to  0.010 
to  0.008 
to  0.005 
to  0.0O3 
to  O.OOI 


17 
10 
10 
25 
19 

5 

1 

2 

1 

1.8 

2.0 

0.2 


4 

4 
14 

n 

17 
8 

s 

4 

4 
10 
14 

1 
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The  yellow  loam  has  15  per  cent,  finer  than  0.003  inch  in  diame- 
ter, and  the  soft  feeling  of  the  finest  portion  indicates  that  there  is 
some  alumina  present.  The  loss  on  heating  to  redness  was  1.97 
per  cent. ,  which  was  probably  nearly  all  organic  matter.  The  quartz 
grains  and  other  material,  insoluble  in  acid,  when  exposed  two 
hours,  amounted  to  94.37  per  cent.  The  soluble  parts  included 
1.95  per  cent,  of  alumina  and  1.31  per  cent,  of  oxide  of  iron  and 
manganese. 

The  presence  of  these  small  amounts  of  alumina,  iron  and  organic 
matter  in  this  loam  may  be  the  cause  of  results  in  filtration  through 
this  filter  quite  different  from  those  obtained  through  sand. 


Tables  op  Analyses. 

The  chemical  analyses  of  the  city  water,  and  of  the  effluent  from 
Tank  No.  8,  made  once  a  week  or  oftener,  during  the  past  two  years, 
may  be  found  in  the  tables  at  the  end  of  this  section.  The  tables 
also  contain  the  quantity  of  water  applied,  and  of  the  effluent, 
together  with  their  temperatures.  The  results  of  chemical  analysis 
are  expressed  in  parts  per  100,000. 

Monthly  averages  of  the  analyses  of  both  city  water  and  effluent, 
and  the  percentage  which  the  constituents  of  the  latter  are  of  the 
former,  and  the  number  of  bacteria  found  in  a  cubic  centimeter  of 
the  city  water,  and  of  the  effluent  from  this  tank,  are  given  in  the 
following  tables :  — 

Monthly  Averages  of  Results  with  Tank  No.  8,  filtering  City  Water. 


'3=3 

RKSiDna  OH 

E:VA1*U  RATION 

AXICONIA. 

1 

Nrroobn 

A8 

a 

1 

ii* 

Datb. 

il 

. 

1 

II 

1 

^ 

S 

in 
111 

18S7. 

Nov.  2a-2«, 
Noy.2(^^;         . 

City  water, 
EfllueDt,    . 
Per  cent.! . 

375 

1.85 
0.42 
31 

2.96 
3.42 
116 

.0016 
.0004 
25 

.0104 
.0031 
30 

.0120 
.0035 
29 

0.28 
0..^ 

.0180 
.0000 

.0000 
.0000 

45" 

128 

Nov.  27-Dec.  27, 
Decern  ber» 

City  water, 
Bflfiteot,    . 
Per  cent., . 

453 

1.28 
0.41 
32 

2.08 
2.61 
88 

.0024 
.0004 
17 

.0184 
.0031 
23 

.0158 
.0035 
22 

0.29 
0.26 

.0182 
.0044 

.0000 

44- 

70 
65 

1888. 

Dec.28.'87-Jan. 
^23. '88,     .        . 
January,    . 

city  water, 
Bflluent,    . 
Per  cent., . 

^1 

1.26 
0.45 
36 

2.80 
2.53 
90 

.0029 
.0010 
34 

.0131 
.0026 
20 

.0160 
.0036 
22 

0.17 
0.25 

.0130 
.0120 

92 

.0000 

41- 
35* 

224 

40 

Jan.  24  Feb.  27. 
'ebruary,  . 

City  water, 
EflSueDt,    . 
Per  cent., . 

lis 

1.14 
0.47 
41 

2.99 
2.64 
85 

.0032 
.0005 
16 

.0116 
.0029 
25 

.0148 
.0034 
23 

0.22' 
0.2-2 

.0141 
.0005 
67 

.0001 

35* 
36' 

148 
19 
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MoTUhly  Averages  of  RemlU  with  Tank  No, 

d.fiUenngCUy 

IFoter— Continned. 

|5 

Rksidub  ox 

EVXrORATIciM. 

Ammokxa. 

1 

KfTBOOKV 
AB 

I 

^i 

DATS. 

^1 
II 

1 

i 

II 

§ 

so 

1 

1 

9 

Hi 

1  CMS -Con. 

1 

1 

Feb.  28-Mar.  23. 
March,      .        . 

City  water, 

Effluent,    . 
Per  cent.. . 

862 

1 

1.27 
0.74 
68 

2.81 
2.45 
87 

.0034 
.0014 
41 

.0106 
.0029 
26 

.0140 

.0043 

31        , 

0.20 
0.21 

.0212 
.0190 
90 

-    1  36- 
.0000     36* 

211 

47 

Mar.24-Apr.20, 
April,         .        . 

CUy  water, 
Efiluent,    . 
Per  cent.. . 

m 

0.86 
0.49 
67 

2.41 

2.66 
110 

.0023 
.0020 
87 

.0112 
.0036 
82 

.0135' 
.0056 

*'        1 

0.20 
0.18 

.0140 
.0200 

-  .  zv 

-  41' 

146 
U 

Apr.  21-May  22, 
May,  .        .        . 

City  water. 

Effluent,    . 
Per  cent.. . 

m 

1.07 
1.82 
123 

8.68 
2.49 
97 

.0008 
.0009 
112 

.0009 
.0034 

.0107 
.0043 
40 

0.13 
0.18 

.0203 
.0550 

.0002     45' 

45 

1« 

May  23-JuDe  27, 
June, 

City  water. 
Effluent,    . 
Per  cent., . 

182 

1.17 
0.83 
71 

2.40 
3.11 
130 

.0007 
.0009 
129 

.0003 
.0037 
39 

.0102 
.0046 
45 

0.17 
0.20 

.0144 
.0617 

.0001     58* 

.0000   er 

'  i  - 

i 

Juno28-July30, 
July,  .        .        . 

City  water, 
Effluent,    . 
Per  cent., . 

649 

0.90 
0.46 
51 

8.05 
2.70 
89 

.0024 
.0009 
37    . 

.0110 
.0037 
34 

.0134' 
.0046 

34        1 

0.27 
0.35 

.0220  .0001  !  67- 
.0276  .0000     70* 

-           -     1      - 

81 
U 

JuIySl-Aug.SO, 
August,      . 

City  water. 
Effluent,    . 
Per  cent.,  . 

897 

1.76 
1.12 
64 

2.46 
2.10 

85 

.0008 
.0006 
76 

.0114 
.0038 
83 

.0122 
.0044 
36 

0.28 
0.31 

.0224 
.0236 

.0000  I,  69* 
.0000 '172' 

114 

14 

Au«.31-8ept.28. 
September, 

City  water. 
Effluent,    . 
Per  cent., . 

876 

1.55 
0.31 
20 

2.97 
8.02 
102 

.0012 
.0003 
25 

.0118 
.0027 
23 

.0130 
.0030, 

23        1 

0.25 
0.26 

.0228 
.0217 

.0000  'OT* 
.0000     68* 

1 

»3 

13 

Sept.  29-Oct.  30, 
October,     . 

City  water. 
Effluent,   . 
Per  cent., . 

905 

1.45 
0.52 
36 

2.60 
2.37 
95 

.0012 
.0002 
17 

.0144 
.0027 
19 

.0166 
.0029 
19 

0.22 
0.22 

.0220 
.0216 

.0000     66* 
.0000  i  65* 

1 

lfl9 
11 

Oct.  81-Nov.  28, 
November, 

City  water, 
Effluent,    . 
Per  cent., . 

ijm 

1.29 
0.50 
89 

2.83 
2.05 
72 

.0005 
.0000 
0 

.0114 
.0030 
26 

.0119 
.0030 
25 

0.24 
0.23 

.0222 
.0227 

.0000!   49* 
.0000  I  49* 

84 

« 

Nov.29-Dec.30, 
December, 

City  water, 
Effluent,    . 
Per  cent., . 

m'oo 

1.06 
0.67 
63 

2.85 
2.31 
81 

.0008 
.0003 
37 

.0092 
.0034 
37 

.0100 
.0037 
87 

0.23 
0.22 

.0200 
.0282 

.0000 

.0000 

40* 
40* 

5S 

1S99. 

Bec.Sl.'SS^an. 

30. '89,    . 
January,    . 

City  water. 
Effluent,    . 
Per  cent.,  . 

1,370 

1.04 
0.62 
60 

2.71 
2.27 
84 

.0003 
.0002 
67 

.0099 
.0045 
46 

.0102 
.0047 
46 

0.23 
0.22 

.0260 
.0270 

.0000'   3.S* 
.0000 j   38* 

12 

Jan.  81-Feb.  27. 

February,  . 

City  water. 
Effluent,    . 
Per  cent., . 

1,307 

1.01 
0.56 
55 

2.68 
2.28 
86 

.0007 
.0003 
43 

.0084 
.0035 
42 

.0091 
.0088 
42 

0.24 
0.22 

.0232 
.0242 

.0000 
.0000 

136* 
36* 

s: 

Feb.  28-Mar.  80, 
March.       .       . 

City  water. 
Effluent,    . 
Per  cent., . 

1,318 

0.65 
0.37 
67 

2.85 
2.54 
80 

.0012 
.0002 
17 

.0089 
.0030 
34 

.0101 
.0032 
82 

0.23 
0.21 

.0225 
.0252 

.0000 
.0000 

sr 

40* 

4d 

6 

Mar.31.Apr.2g, 
April,         .        . 

Cltv  water, 
Effluent.   . 
Per  cent., . 

1,299 

0.78 
0.60 

77 

2.61 
2.45 
94 

.0009 
.0004 
44 

.0097 
.0046 
47 

.0106 
.0050 
47 

0.17 
0.16 

.0175 
.0262 

.0000 

.0001 

143" 
49* 

35 
• 

Apr.  SO-May  30, 
May..       .       . 

City  water. 
Effluent,   . 
Per  cent.. . 

1,320 

1.12 
0.57 
61 

2.36 
2.64 
112 

.0004 
.0006 
150 

.0102 
.0044 
43 

.0106 
.0050 
47 

0.14 
0.14 

.0184 
.0260 

.0000 
.0000 

82* 

SI 

May3l-Jnne28, 
June, . 

City  water. 
Effluent,    . 
Per  cent., . 

1,»1 

1.56 
0.66 
42 

2.53 
2.63 
100 

.0007 
.0004 
57 

.0131 
.0049 
87 

.0138 
.0053 
88 

0.16 
0.16 

.0167 
.0412 

.0000 
.0000 

tar 

,60* 

«7 

9 

Juno  20-Jnly  30, 
July,  .       .       . 

City  water, 
Eduent,    . 
Per  cent., . 

1.315 

1.27 
0.70 
56 

2.81 
2.52 
90 

.0011 
.0008 

73 

.0133 
.0053 
40 

.0144 
.0061^ 

«    1 

0.19 
0.18 

.0100 
.0254 

.0000 
.0000 

70* 
75* 

ST 
11 
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Monthly  Averages  of  Results  wUh  Tank  No.  8,  fiUering  City  Waier —  Concluded. 


Datb. 


1S89— C6n. 

July  31 -Aug.  80, 
August, 


Aug.  31 -Sept.  28, 
September, 


Sept.  29-Oct.  SO, 
October,     . 


Oct.  31-NoT.  89. 
NoTember, 


Nov.SO-Dec.SO, 
December, 


City  water, 
Bflfnent,  . 
Per  cent., . 

City  water, 
BiSnvDt,  . 
Per  cent., . 

City  water, 
Eflfuent,  . 
Per  cent., . 

City  water. 
Effluent,  . 
Per  cent., . 

Ci^  water. 
Effluent,  . 
Per  cent., . 


1.277 


1,217 


1.274 


1,206 


1,114 


I  Rbudub  on 

EVAPOHATION. 


1.97 
1.66 

79 

1.48 

o.r 

61 

1.70 

1.66 

91 

1.87 
0.! 
68 

1.67 
1.07 
68 


4.06 
2.74 
67 

8.83 
3.08 
92 

2.94 
2.42 


2.63 
2.60 
90 

2.60 
2.63 
101 


AlCXONIA. 


.0007 
.0008 


43 


31 


.0016 
.0004 


27 


20 


.0016 
.0003 


.0010 
.0003 


.0018 
.0005 


38 


^S 


.0168 
.0049 


87 


.0180 
.0061 


.0151 
.0060 


.0144 
.0060 


.0127 
.0061 


48 


.0165 

.0062 

82 

.0164 

.0055 

36 

.0166 

.0063 

38 

.0164 

.0063 

41 

.0140 
.0066 


47 


0.19 
0.19 


0.25 
0.24 


0.21 
0.21 


0.21 
0.21 


0.18 
0.19 


NrTROOBV 


.0192 


.0180 
.0248 


.0108 
.0160 


.0097 
.0145 


.0124 
.0188 


.0000 
.OUOO 


.0000 
.0000 


.0000 
.0000 


.0000 
.0000 


.0000 
.0000 


«3 


28 

88 


91 
6 


124 
0 


170 
11 


66 
7 


The  data  of  the  tables  of  daily  observations  upon  the  applied 
"water  and  upon  the  effluent  from  this  tank  are  also  presented  by  a 
diagram  following  the  tables. 

Upon  first  applying  water  to  Tank  No.  8,  the  result,  in  common 
with  that  of  all  the  other  tanks  to  which  water  was  applied,  was  at 
first  a  general  reduction  of  the  ammonias  and  of  the  nitrates.  For 
the  three  months  from  December,  1887,  to  February,  1888,  the 
effluent  from  Tank  No.  8  contained  but  22  per  cent,  of  the  ammonias 
of  the  water  applied,  and  57  per  cent,  of  the  nitrates.  In  these 
three  months  the  total  nitrogen  that  came  from  the  tank  was  but  32 
per  cent,  of  the  total  nitrogen  applied  in  the  water.  If  the  city 
water  had  been  filtered  through  filter  paper,  there  would  have  been 
removed  about  5  per  cent,  of  the  total  nitrogen  that  it  contained,  — 
that  is,  95  per  cent,  of  its  total  nitrogen  was  in  solution ;  and  we 
find  that,  in  these  three  months,  66  per  cent,  of  the  nitrogen  that 
was  in  solution  in  the  city  water  was  retained  by  the  filtering 
material.  In  what  way  the  sand  retains  any  considerable  part  of 
the  nitrogenous  matter  that  is  in  solution  in  the  liquid  applied, 
is  not  clear ;  but  the  fact  that  it  is  so  retained  is  shown  by  the  results 
of  nearly  all  the  efficient  filters  with  which  we  have  experimented. 
In  the  fourth  month,  March,  the  ammonias  of  the  effluent  were  31 
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per  cent,  of  those  in  the  applied  water,  and  the  nitrates  were  90  per 
cent,  of  the  nitrates  of  the  water.  In  April  the  nitrates  of  the 
effluent  began  to  increase  when  the  temperature  of  the  effluent 
reached  40^  Fah. ;  and  the  average  nitrates  of  the  effluent  for  the 
month  were  43  per  cent,  higher  than  the  nitrates  of  the  water.  The 
sum  of  the  ammonias  of  the  effluent  for  this  month  were  41  per 
cent,  of  those  of  the  water  applied. 

In  May  the  nitrates  increased  from  0.0300  parts  per  100,000  to 
0.0750  parts,  and  averaged  0.0550  parts,  while  the  nitrates  of  the 
applied  water  were  0.0203  parts.  During  this  month  the  nitrogen 
in  the  nitrates  of  the  effluent  amounted  to  147  per  cent,  of  the  nitro- 
gen of  the  water  applied  ;  and  the  total  nitrogen  of  the  effluent  was 
164  per  cent,  of  the  total  nitrogen  of  the  water  applied ;  that  is, 
there  was,  during  this  month,  removed  from  the  filtering  material, 
some  of  the  organic  matter  which  it  had  retained  in  the  previous 
five  months.  The  percentage  which  the  nitrogen  of  nitrates  in  the 
effluent  bears  to  the  total  nitrogen  of  the  applied  water  for  the 
several  months  is  given  in  the  following  table  :  — 

Percentage  of  the    Total  Nitrogen  of  the  applied  Water  that  appears  in  tin 

Effluent  as  Nitrates. 


Date. 


Total 
Nitrogen 

in 
Applied 

City 
Water. 


Nitrates 

in 
Effluent. 


Per  Cent 


Qaantitj 

of 

EffluenL 

Qali. 


TUfPSKATTIiK. 


City 
Water. 


Efflo- 
etit. 


Nov.  26^, 
December, 


198S. 


January,  . 
February, 
March,  . 
April,  . 
May,  . 
Juno, 
July, 

AngUBt,  . 
September, 
October,  . 
November, 
December, 


.0304 
.0421 

.OSOd 
.0358 
.0414 
.0343 
.0874 
.0307 
.0421 
.0417 
.0431 
.0460 
.0413 
.0417 


.0000 
.0044 

.0120 
.0096 
.0190 
.0200 
.0550 
.0617 
.0276 
.0235 
.0217 
.0216 
.0227 


0 
10 

83 

27 
46 
58 
147 
201 
66 
56 
50 
46 
55 


375 
453 

221 
188 
802 
174 
174 
182 
049 
897 
876 
905 
1,000 
1,100 


45- 

44- 


4r 

S5' 

85" 

S5' 

SO* 

sr 

3r 

iV 

45' 

50- 

58- 

ar 

or 

7(r 

09* 

T? 

67- 

68* 

SO- 

M* 

«• 

49* 

40- 
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Percentages  of  the   Total  Nitrogen  of  (he  applied  Water  that  appears  in  the 
Effluent  as  Nitrates  —  Concluded. 


DATS. 


Jan  nary,  . 
Febmazy, 
March,     . 
April, 
May,        . 
Jane, 
July,        . 
Angnst,    . 
September, 
October,  , 
NoT«mber, 
December, 


Total 
Nitrogen 

Water. 


.0425 
.0375 
.0381 
.0341 
.0905 
.0388 
.0387 
.0457 
.0420 
.0368 
.0341 
.0343 


Nitrates 

111 
Effluent. 


.0270 
.0242 
.0252 
.0262 
.0260 
.0412 
.0254 
.0287 
.0248 
.OICO 
.0145 
.0188 


Per  Cent. 


Qaantity 

of 

Effluent. 

Gala. 


64 
65 
66 
77 
85 
106 
66 
52 
59 
43 
43 
55 


1,370 
1,307 
1,318 
1,200 
1,820 
1,231 
1,815 
1,277 
1,217 
1,274 
1,206 
1,114 


Tkkpesatdbb. 


city 
Water, 


38* 
86" 
37* 
43* 
55* 
63* 
70- 
60» 
67- 
56' 
49' 
43* 


Efflu- 
ent. 


38* 

ce* 

40* 
49' 
62" 
60» 
73^ 

7r 

68* 
55* 
49" 
40" 


In  June,  1888,  the  nitrates  were  still  higher  than  in  May,  reaching 
0.0800  parts,  and  averaging  0.0617  parts,  while  those  of  the  water 
were  0.0144  parts*  The  nitrates  of  the  effluent  contained  201  per 
cent,  as  much  nitrogen  as  was  applied  in  the  city  water ;  and  the 
total  nitrogen  which  came  away  from  the  tank  in  the  effluent  was 
223  per  cent,  of  the  amount  applied  in  the  city  water.  In  these  two 
months  of  May  and  June,  the  amount  of  the  nitrogen  which  came 
away  in  the  effluent,  in  excess  of  the  amount  which  was  applied, 
was  nearly  equal  to  the  excess  of  the  nitrogen  applied  in  the  city 
water  in  the  previous  three  months,  over  the  amount  which  then 
came  through  in  the  effluent.  And,  as  we  have  found  in  other  filter 
tanks  that  some  of  the  applied  nitrogen  escapes,  —  probably  into  the 
air,  — it  is  probable  that  all  of  the  nitrogen  which  had  been  stored 
in  this  tank  in  the  previous  five  months,  during  which  water  had 
been  applied,  was  removed  by  the  nitrification  of  these  two  months, 
May  and  June. 

In  July  the  nitrates  of  the  effluent  averaged  0.0276  parts,  while 
those  of  the  applied  water  were  0.0220  parts.  The  nitrates  in  the 
effluent,  during  this  month,  amounted  to  66  per  cent,  of  the  total 
nitrogen  of  the  applied  water;  and,  as  this  is  the  percentage  which 
we  have  found  in  the  effluent  from  other  tanks,  when  no   organic 
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matter  was  being  stored  in  the  filtering  material,  it  is  probable  that 
none  was  being  stored  in  this  tank  at  this  time.  The  total  nitrogen 
of  the  effluent  during  this  month  amounted  to  82  per  cent,  of  the 
total  nitrogen  of  the  applied  water. 

In  the  next  four  months,  August  to  November,  1888,  the  nitrates 
of  the  effluent  averaged  0.0223  parts,  and  were  equal  to  those  of  the 
applied  water.  There  was,  during  this  time,  then,  no  nitrification. 
The  total  nitrogen  which  cnme  away  in  the  effluent  was,  during 
these  four  months,  64  per  cent,  of  the  total  nitrogen  applied. 

In  the  four  cold  months,  December,  1888,  to  March,  1889,  tLe 
nitrates  of  the  effluent  averaged  0.0261  parts,  which  was  8  percent, 
more  than  the  nitrates  of  the  applied  water,  which  averaged  0.0244 
parts.  The  nitrogen  of  the  nitrates  in  the  effluent,  during  these 
months,  bore  a  very  constant  relation  to.  the  total  nitrogen  of  the 
applied  water,  varying  only  from  68  per  cent,  to  64  per  cent., 
averaging  66  per  cent.  This  indicates  that  during  these  four  cold 
months  very  little,  if  any,  of  the  nitrogenous  matter  of  the  water 
was  stored  in  the  filter.  The  total  nitrogen  of  the  effluent,  during 
these  four  months,  averaged  80  per  cent,  of  the  total  nitrogen  of  the 
applied  water.  The  temperature  of  the  effluent  varied  from  35 
degrees  to  43  degrees,  and  averaged  39  degrees.  In  the  month  of 
February  it  averaged  36  degrees,  and  the  nitrates  were  in  this  month 
4  per  cent,  higher  than  those  of  the  water. 

In  April  the  nitrates  of  the  effluent  averaged  0.0262  parts,  and 
were  50  per  cent,  higher  than  those  of  the  water,  which  averaged 
0.0175  parts.  They  amounted  to  77  per  cent,  of  the  total  nitrogen 
of  the  applied  water. 

In  May  the  nitrates  were  0.0260  parts,  which  was  94  per  cent. 
more  than  the  nitrates  of  the  water,  which  averaged  0.0134  parts. 
The  nitrogen  of  the  nitrates  in  this  month  amounted  to  85  per  cent, 
of  the  total  nitrogen  of  the  applied  water. 

In  Juno  the  nitrates  were  still  higher,  averaging  0.0412  parts,  or 
247  per  cent,  of  the  nitrates  of  the  water,  which  averaged  0.0167 
parts.  The  nitrogen  of  the  nitrates  in  this  month  amounted  to  106 
per  cent,  of  the  total  nitrogen  of  the  applied  water,  and  the  total 
nitrogen  of  the  effluent  was  28  per  cent,  in  excess  of  the  total  nitro- 
gen of  the  applied,  water. 

In  the  three  months,  April,  May  and  June,  in  which  the  high 
nitrates  are  found,  the  total  nitrogen  of  the  effluent  was  continually 
greater  than  the  total  nitrogen  of  the  applied  water,  and  averaged 
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for  the  three  months  13  per  cent,  greater.  Nitrogen  stored  in  the 
filtering  material  was  then  being  removed.  Up  to  the  end  of  this 
period,  82  per  cent,  of  all  of  the  nitrogen  that  had  been  applied  to 
the  tank  had  come  through  in  the  effluent. 

During  the  next  six  months,  to  the  end  of  the  year  1889,  the 
nitrates  of  the  effluent  varied  from  123  to  159  per  cent,  of  those  of 
the  applied  water,  and  averaged  143  per  cent.  During  this  time 
the  nitrogen  in  the  nitrates  of  the  effluent  averaged  53  per  cent,  of 
the  total  nitrogen  of  the  applied  water,  and  the  total  nitrogen  in  the 
effluent  was  75  per  cent,  of  the  total  nitrogen  applied  in  the  water. 

By  reference  to  the  diagram  of  results  with  city  water  and  Tank 
No.  8,  which  accompanies  the  tables  of  daily  observations,  we  get 
a  general  review  of  the  nitrification  within  this  tank. 

In  the  first  four  months,  December,  1887,  to  March,  1888,  we 
find  that  the  nitrates  of  the  effluent  are  less  than  the  nitrates  of  the 
applied  water. 

With  April,  and  a  temperature  above  39^  Fah.,  we  find  the 
nitrates  of  the  effluent  greater  than  those  of  the  water ;  and  these 
continually  increase,  until,  on  June  5,  they  are  more  than  five  times 
those  of  the  water.  They  soon  decrease,  and  in  the  latter  part  of 
August  become  equal ;  and,  through  September  and  October  and  a 
part  of  November,  they  are  a  little  less  than  those  of  the  applied 
water.  During  the  five  months,  April  to  August,  1888,  when  the 
nitrates  of  the  effluent  were  higher  than  those  of  the  water,  they 
contained  47  per  cent,  more  nitrogen  than  was  in  the  nitrates  of 
the  applied  water;  and  from  the  beginning  of  the  application  of 
water  to  the  end  of  August,  the  nitrates  of  the  effluent  had  con- 
tained 19  per  cent,  more  nitrogen  than  the  nitrates  of  the  applied 
water. 

In  these  five  months  in  which  the  nitrates  of  the  effluent  were 
higher  than  those  of  the  water,  the  total  nitrogen  of  the  effluent 
amounted  to  92  per  cent,  of  the  total  nitrogen  applied ;  and,  from 
the  beginning  of  the  application  of  water  to  the  end  of  August,  the 
total  nitrogen  contained  in  the  effluent  had  been  72  per  cent,  of  the 
total  nitrogen  that  had  been  applied  in  the  water. 

In  those  filter  tanks  whose  sand  has  been  examined  from  time  to 
time,  to  determine  the  amount  of  organic  matter  stored  therein,  we 
have  found  that,  wherever  the  effluent  contained  from  50  per  cent, 
to  75  per  cent,  of  the  nitrogen  applied  to  the  filter,  there  was  no 
nitrogen  being  stored  in  the  material.     The  difference  between  these 
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percentages  and  the  full  amount  of  nitrogen  applied  escaped,— 
probably  into  the  air;  from  which  we  may  conclude  that  in  this 
tank,  at  the  end  of  August,  all  stored  nitrogenous  matter  had  been 
burned  up;  and,  there  being  so  little  applied  in  the  water  at  this 
time,  there  was  for  a  time  none  to  burn.  Hence  nitrification  ceased 
through  the  following  three  months  ;  after  which,  some  nitrogenous 
matter  having  accumulated  in  the  tank,  it  again  began  in  the  latter 
part  of  November,  and  continued  constantly  throughout  the  second 
year,  being  most  complete  in  the  months  of  April,  May  and  June, 
when  the  nitrogen  in  the  nitrates  of  the  effluent  averaged  89  per  cent. 
of  the  total  nitrogen  of  the  applied  water. 

In  the  twelve  months  of  the  year  1889,  the  nitrates  of  the  effluent 
averaged  43  per  cent,  more  than  the  nitrates  of  the  applied  water, 
and  were  64  per  cent,  of  the  total  nitrogen  in  the  applied  water. 
The  total  nitrogen  of  the  effluent  in  the  second  year  amounted  to  87 
per  cent,  of  the  total  nitrogen  of  the  applied  water ;  and  it  is  very 
probable,  if  not  quite  certain,  that  there  was  no  more  nitrogenous 
matter  stored  in  the  tank  at  the  end  of  the  year  than  there  was  at 
the  beginning ;  and  that  this  tank,  having  been  used  constantly  for 
the  filtration  of  city  water  for  two  years,  without  any  disturbance 
of  material  or  cleansing  of  the  surface,  except  that  of  the  cleansing 
process  of  nitrification,  is  in  better  condition  for  the  filtration  of 
water  than  it  was  at  the  beginning,  and  shows  no  indication  that  the 
filtration  of  the  same  quantity  of  water  that  has  been  applied  during 
the  past  year  may  not  be  continued  indefinitely. 

Without  knowing  all  of  the  conditions  that  are  essential  to  nitrifi- 
cation, we  find,  in  several  of  the  tanks,  —  notably  No.  12,  No.  13, 
No.  14,  and  the  one  now  under  consideration,  —  what  appear  to  be 
striking  parallels  to  the  conditions  that  would  exist  if  the  organic 
material  were  burned  by  fire.  There  must  first  be  an  accumulation 
of  combustible  material.  When  started,  the  rapidity  and  conaplete- 
ness  of  combustion  is  greatest  where  most  material  has  been  accu- 
mulated (see  No.  12,  13  and  14).  In  No.  8,  the  greatest  rapidity  of 
burning  was  in  May  and  June,  1888,  after  four  months  of  accumu- 
lation with  no  nitrification.  This  was  followed  by  two  months  of 
slow  burning,  growing  more  feeble,  until  extinguished  in  September. 
Some  accumulation  of  material  occurred  in  the  next  three  months, 
and  the  burning  again  started  in  December,  and  continued  feebly 
through  the  cold  months,  and,  becoming  more  active  in  April  and 
May,  burned  with  greatest  intensity  in  June,  —  though  with  less 
intensity  and  shorter  duration  than  in  the  previous  year,  apparently 
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for  the  reason  that  there  was  less  to  burn  ;  until,  the  stored  material 
being  nearly  exhausted,  it  burned  feebly  but  continuously  the 
organic  matter  daily  supplied  through  the  following  months. 

The  quantity  of  water  filtered  through  Tank  No.  8  was,  on 
December,  1887,  453  gallons  per  day,  or  the  equivalent  of  90,600 
gallons  per  acre  per  day.  In  the  next  six  months,  January  to 
June,  1888,  it  averaged  217  gallons,  or  the  equivalent  of  43,400 
gallons    per  acre  per  day. 

On  July  12,  1888,  the  quantity  applied  was  increased  to  1,000 
gallons  a  day  for  six  days  in  the  week,  and  this  quantity  was  con- 
tinued to  November  14;  after  which,  for  the  following  fourteen 
months,  to  the  end  of  the  year  1889,  1,500  gallons  were  applied, — 
except  occasionally,  in  very  rainy  weather,  the  tank  would  not  dis- 
pose of  so  much ;  hence,  in  the  last  eighteen  months,  the  quantity 
applied  on  six  days  in  the  week  was,  for  four  months,  the  equivalent 
of  200,000  gallons  per  acre  per  day,  and  for  about  fourteen  months 
the  equivalent  of  300,000  gallons  per  acre  per  day.  The  actual 
amount  of  effluent  from  the  tank  for  every  day  of  the  year  1889 
averaged  1,275  gallons,  or  the  equivalent  of  255,000  gallons  per 
acre  per  day. 

When  the  small  quantities  of  water  were  applied  in  the  first  seven 
months,  the  sum  of  ammonias  of  the  effluent  averaged  32  per  cent, 
of  the  sum  of  ammonias  of  the  applied  water.  During  the  four 
months,  August  to  November,  when  200,000  gallons  per  acre  per 
day  were  applied,  the  sum  of  the  ammonias  of  the  effluent  averaged 
2()  per  cent,  of  those  of  the  applied  water ;  and  in  the  remaining 
thirteen  months,  up  to  December,  1889,  the  sum  of  the  ammonias  of 
the  effluent  averaged  40  per  cent,  of  those  of  the  applied  water. 
The  percentages  varied  in  the  several  months  from  32  per  cent,  to 
47  per  cent. 

In  the  first  four  months,  December,  1887,  to  March,  1888,  the 
free  ammonia  of  the  effluent  averaged  0.0008  parts,  which  was  27  per 
cent,  of  the  free  ammonia  of  the  applied  water.  The  albuminoid 
ammonia  in  the  effluent  in  the  same  time  averaged  0.0029  parts, 
which  was  24  per  cent,  of  the  albuminoid  ammonia  of  the  applied 
water. 

In  April,  with  the  first  increase  in  the  nitrates,  the  ammonias  also 
increased,  the  free  ammonia  being  for  the  month  0.0020  parts,  or 
87  per  cent,  of  that  of  the  applied  water,  and  the  albuminoid 
ammonia  being  0.0036  parts,  or  32  per  cent,  of  that  of  the  applied 
water;    but,  with  the  continued  increase  in   the  nitrates,  the  free 
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ammonia  decreased  to  0.0009  parts,  which  was  the  average  through 
May,  June  and  July,  and  is  higher  than  it  has  ever  been  since.  In 
these  three  months  the  free  ammonia  of  the  effluent  was  69  per  cent, 
of  that  of  the  applied  water,  and  the  albuminoid  ammonia,  which 
averaged  0.0036  parts,  was  36  per  cent,  of  that  of  the  applied 
water. 

During  the  following  four  months  of  no  nitrification,  —  August 
to  November,  1888,  —  the  free  aminonia  of  the  effluent  averaged 
0.0003  parts,  or  29  per  cent,  of  that  of  the  applied  water;  and  the 
albuminoid  ammonia  averaged  0.0030  parts,which  was  25  per  cent, 
of  that  of  the  applied  water.  In  the  following  thirteen  months, 
when  the  quantity  was  the  equivalent  of  300,000  gallons  per  acre 
per  day  for  six  days  in  the  week,  the  free  ammonia  of  the  effluent 
varied  from  0.0002  parts  to  0.0008  parts,  and  averaged  0.0004  parts, 
which  is  40  per  cent,  of  that  of  the  applied  water.  The  albumi- 
noid ammonia  of  the  effluent  during  these  thirteen  months  has  aver- 
aged 0.0047  parts,  which  is  40  per  cent,  of  the  albuminoid  ammonia 
of  the  applied  water;  the  percentage  during  the  last  six  months 
being  slightly  less  than  that  in  the  first  half  of  the  year. 

The  means  of  the  analyses  of  the  applied  water  and  of  the  effluent 
for  the  year  1889  are  as  follows,  in  parts  per  100,000  :  — 


Applied 
Wnter. 

1.29 

Filtered    1 
Effluent. 

0.83 

Applied 
Water. 

riitfi^ 

Efflurnt 

Lo8s  on  Ignition,     . 

Sum  of  ammonias. 

0.0130 

Q.vm 

Fixed  residue, 

2.84 

2.56 

Chlorine 

0.20 

0.29 

Free  ammonia, 

0.0009 

0.0004 

Nitrates,        .... 

0.0171 

0.0-2U 

Albuminoid  ammonia,  . 

0.0121 

0.0049  1 

Nitrites, 

0.0000 

O.OOOO 

This  filtered  water  compares  favorably,  in  chemical  composition, 
with  excellent  unpolluted  ground  water  supplies. 

From  the  beginning  the  eiHuent  has  been  colorless.  During  the 
past  year  the  color  of  the  applied  water  has  averaged  0.25  on  the 
scale  of  color  adopted  by  our  chemists.  It  is  about  two-thirds  n> 
deep  as  the  ordinary  color  of  Cochituate  water  in  Boston.  This 
color  has  been  entirely  removed  by  the  filter,  and  the  eflluent  has 
been  throughout  the  year  a  clear,  bright,  colorless  water. 


The  Microscopic  Organisms  in  the  Effluent  of  Tank  No.  8. 

The  microscopic  organisms  found  in  the  effluent  of  this  tank  have 

been  very  few.     In  the  five  months,  August  to  December,  1888, 
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the  number  found  in  five  gallons  of  the  city  water  applied,  and  in 
five  gallons  of  the  effluent  were  recorded  generally  once  a  week. 
The  names  of  those  found  in  the  city  water  more  than  once  are 
given  in  the  following  table,  together  with  the  number  of  days  when 
found,  and  the  average  number  upon  those  days.  In  appended 
columns  are  given  the  number  of  days  when  found,  and  the  number 
found  of  the  same  organisms  in  the  filtered  effluent.  All  appear 
to  have  been  filtered  out,  except  Leptothrix  and  Monas,  a  few  of 
which  were  found   in  the  efliuent. 


Number  of  Microscopic  Organisms  founds  on  Twenty  different  Days^  in  Jive  gal- 
loiu  of  the  City  Water,  and  in  five  gallons  of  the  Effluent  from  Tank  No.  8  in 
the  six  months,  July  to  December,  1888^  omitting  those  that  were  found  in  City 
Water  but  once. 


HXUM,  or  0HOAMI8X. 


Number  of 

Davs 
when  fonnd 

in 
City  Water. 


Average 
Number  when 

found  in 
city  Water. 


Numtwr 

of  Bays  when 

found 

In  Effluent 

of  No.  8. 


Average 

Number  when 

found 

In  Effluent 

of  No.  8. 


Anabaena, 
Aateriooella, . 
Chlorococcus, 
Clathrocystia, 
Encyonema,  . 
Leptothrix,    . 
Meloalra, 
Navicula, 
Kitzchia, 
Ophlocytlum, 
Pediastmm,  . 
Pinntilaria,     . 
Rapbidium,    . 
Scenedesmus, 
Stauraatram, 
Bianrogenla,  . 
StephanodiacuB, 
Bynedra, 
Tabellaria,     . 
Tetraspora,    . 

Anurea, . 
BiDobryoD,    . 
EntomoBtracon, 
Monas,   . 
Trachclomonaa, 


2 

18 

16 

8 

2 

2 

14 

6 

8 

2 

8 

2 

5 

0 

7 

11 

8 

19 

18 

2 

2 
15 
2 
2 
7 


36 

691 

86,046 

86 

20 

70 

1,162 

43 

73 

30 

34 

45 

56 

94 

42 

434 

71 

269 

218 

150 

15 

394 

4 

36 
136 


40 
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On  only  four  of  the  twenty  days  of  this  half-year  were  any 
organisms  found  which  were  in  the  city  water,  and  these  were  Lep- 
tothrix,  Monas  and  Rotifera. 

These  all  live  in  places  like  the  underdrains  and  gravel  at  the 
bottom  of  the  tank ;  and  it  is  not  probable  that  any  of  them  came 
through  the  filter. 

After  making  twelve  examinations  in  the  latter  part  of  1888,  and 
finding  no  organisms,  except  on  one  occasion,  when  Leptothrix  and 
Monas  were  found,  no  examinations  were  made  until  Aug.  17, 1889, 
when  no  organisms  were  found.  After  this,  occasional  examinations 
were  made,  but  no  organisms  were  found  on  more  than  one  occasion, 
or  in  numbers  greater  than  one  in  200  cubic  centimeters,  except 
Leptothrix,  which  was  found  on  two  occasions. 

We  can  then  safely  conclude  that  the  microsopic  organisms  of  the 
city  water  are  entirely  removed  by  this  filter,  when  filtering  at  the 
rate  of  300,000  gallons  per  acre  per  day. 

Bacteria  in  the  Effluent  from  Tank  No.  8. 

This  tank  was  filled  on  Oct.  27,  1887,  by  throwing  the  material, 
scattering,  into  water  which  had  been  drawn  from  the  canal.  The 
material  remained  saturated  until  November  15  ;  and  on  November 
18,  after  about  2,000  gallons  of  water  had  drained  out  of  the  tank, 
15,111  bacteria  were  found  in  a  cubic  centimeter  of  the  effluent. 
On  November  22  the  number  counted  was  1,015  ;  and  on  November 
29  —  the  first  count  after  city  water  had  begun  to  flow  through  the 
tank  —  the  number  was  128.  It  decreased  in  the  next  week  to  51; 
and  the  average  number  for  December,  1887,  was  55,  while  the 
average  number  found  in  the  city  water  was  70. 

In  the  following  two  years  the  average  number  of  bacteria  found 
in  the  effluent  from  this  tank  was  21,  which  was  one-fifth  of  the 
number  found  in  the  city  water  applied  to  the  tank.  The  number 
found  in  the  effluent  has  varied  but  little,  but  has  been  in  general 
somewhat  smaller  in  the  second  year  than  in  the  first.  From  De- 
cember, 1887,  to  March,  1888,  the  average  number  found  in  the 
effluent  was  40,  which  was  24  per  cent,  of  the  number  in  the  city 
water.  In  the  next  four  months,  during  which  there  was  nitrifica- 
tion in  the  tank,  the  average  number  found  in  the  effluent  was  15, 
which  was  19  per  cent,  of  the  number  found  in  the  water.  From 
August  to  November,  1888,  when  little  or  no  nitrification  took  place, 
the  average  number  was  24,  which  was  16  per  cent,  of  the  number 
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found  in  the  applied  water;  and  in  the  second  year  the  average 
number  found  was  15,  or  21  per  cent,  of  the  number  found  in  the 
applied  water.  In  eleven  months  of  this  time  the  average  number 
was  but  8  per  cubic  centimeter. 

With  these  small  numbers  found  in  the  effluent,  averaging,  as  has 
been  said,  one-fifth  of  the  number  applied  in  the  water,  we  can  see 
that  the  conditions  for  their  passage  through  the  filter,  or  for  their 
growth  in  the  underdrains,  are  unfavorable.  Up  to  the  present 
time  we  have  been  unable  to  determine,  with  certainty,  whether  any 
of  those  found  in  the  effluent  came  down  throu2:h  the  filtering  mate- 
riaU  It  is  hoped  that  careful  study  of  the  species  found,  and 
comparison  of  the  applied  water  and  the  effluent  in  the  coming  year, 
may  give  more  definite  information  on  this  point. 

That  there  is  a  growth  in  the  underdrains  and  outlet  pipe,  where 
air  enters  from  below,  was  shown  by  wiping  out  the  pipe  with  a 
sterilized  sponge  in  January,  1890.  During  this  month  the  average 
number  counted  in  the  effluent  was  six  per  cubic  centimeter.  Upon 
wiping  out  the  pipe,  one  foot  in  length  at  a  time,  and  then  express- 
ing the  water  from  the  saturated  sponge,  the  number  of  bacteria 
found  in  a  cubic  centimeter  of  the  expressed  water  varied  from  212 
from  the  first  foot  near  the  outlet  to  5,880  from  the  sixth  foot ; 
averaging  for  each  foot  in  length  1,570.  Again  in  May,  when  the 
number  in  the  effluent  averaged  seven,  the  number  sponged  out  of 
the  outlet  pipe  averaged  568  per  cubic  centimeter  for  each  foot. 

These  numbers,  probably  growing  mostly  on  the  damp  surface  of 
the  pipe,  just  above  the  surface  of  the  stream  usually  flowing,  may 
reasonably  be  regarded  as  indicating  a  growth  in  this  pipe  and  in 
the  underdrains  sufficient  to  supply  the  small  number  found  in  the 
effluent. 

The  details  of  the  one  hundred  and  sixty  counts  of  bacteria 
made  upon  the  city  water,  and  one  hundred  and  fifty  counts  made 
upon  the  effluent  of  Tank  No.  8,  are  given  in  the  following  tables ; 
and  the  monthly  averages  may  be  found  in  the  table  of  monthly 
averages  of  daily  results  with  this  tank,  previously  given. 
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Table  of  the  Number  of  Bacteria  found  in  a  Cubic  Centimeter  of  City 

Water. 

Number  i 

Number 

Number 

Namber 

Date. 

of        1 
Bacteria.  ' 

Date. 

of 
Bacteria. 

Data. 

of 
Bacteria. 

^•*^-              Bac';ina. 

1987. 

1888 -Con. 

1 

1888  ~  Con. 

1 

188a -Con. 

Nov.    29.      . 

30 

March  15,      . 

385 

Sept.    27.      . 

137 

Feb.     27.      . 

33 

Pec.      1.     . 

69 

17.     . 

61 

'  Oct.       6.      . 

70    ' 

March   5.      . 

i     ^ 

3,      . 

67 

20.     . 

107 

fl.      . 

120    . 

12.      . 

6S 

«.      . 

46 

22,      . 

68 

11.      . 

160 

19,      . 

71 

8.     . 

106 

24.      . 

206 

13.      . 

142 

26,      . 

<             19 

10,     . 

151 

27,      . 

99 

16.      . 

99 

April     2.      . 

1             28 

13.     . 

115 

29.      . 

141 

23.      . 

53 

0,     . 

8S 

15.      . 

44 

81,      . 

181 

25.      . 

154 

16.      . 

23 

IT.      . 

40 

April     8,      . 

93 

27.      . 

127 

24.      . 

27 

20.     . 

80 

23,     . 

24 

80.      . 

58 

30.      . 

26 

22.      . 

43 

May       8.     . 

40 

Nov.      1.     . 

18 

May       7.      . 

16 

24.     . 

102 

10,      . 

33 

8,      . 

32 

14.      . 

44 

1888. 

12,      . 

128     j 

6,      . 

64 

21,      . 

8S 

Jan.      8,     . 

87 

19.      . 

26     ' 

8.      . 

50 

28.      . 

do 

5.      . 

45 

22,      . 

19     i 

10.      . 

27 

June      4.      . 

T 

7,      . 

263 

26.      . 

81 

13.      . 

69 

11.      . 

U 

10,      . 

16 

29,      . 

15 

16.      . 

136 

IS.      . 

1           1^ 

u.    . 

163 

81.      . 

10 

19.      . 

129 

23.       . 

&3 

17.     , 

897 

June      7, 

89 

21,      . 

156 

July       2.      . 

61 

SI.     . 

116 

9,     . 

88     ' 

23.      . 

114    ; 

16.      . 

1            ^^ 

24.     . 

69 

12,     . 

68     1 

26.      . 

71 

23,      . 

!             44 

26,      . 

228 

14,      . 

76  ; 

28.      . 

141 

SO,      . 

41 

28.     . 

218 

16.      . 

77    1 

80.      . 

122 

Aug.      6,      . 

;        12 

31,      . 

68 

21.      . 

81    ' 

Dec.       6,     . 

54 

12.       . 

i              27 

Feb.      2.     . 

76 

26,      . 

73    1 

7,     . 

83 

19,       . 

16 

4,     . 

90 

July       8,      . 

60 

10.     . 

22 

27,       . 

M 

7,     . 

49 

7.      . 

75 

12.      . 

80 

Sept.     2,      . 

42 

0,     . 

79 

13,      . 

126 

14.      . 

27 

10.      . 

i            109 

11,     . 

209 

17,      . 

92     1 

17.-    . 

89 

16.      . 

lis 

14.      . 

69 

21,      . 

80 

21,      . 

101 

24.       . 

1      » 

16,      . 

69 

28,      . 

6-2   ; 

26.      . 

65 

Oct.       2,       . 

1     '^ 

18.      . 

80 

Aug.      4,      . 

105 

1889. 

10.       . 

1      ^"^ 

21,      . 

135 

14,      . 

88 

Jan.       2.     . 

48 

16,       . 

46 

23,      . 

255 

18,      . 

97    , 

8,     . 

168    1 

25,       . 

152 

25.      . 

461 

28.      . 

167    1 

15.     . 

45 

Nov.       5, 

43 

28.      . 

290 

Sept.    11,      . 

127 

22.     . 

146    1 

16.      . 

91 

March   1.     . 

156 

15,     . 

851 

29,      . 

^'     1 

21. 

S7S 

8,     . 

624 

18,      . 

504 

Feb.       6.      . 

42 

Dec.       4, 

8S 

6.     . 

179 

20.      . 

369 

12.      . 

36    1 

10. 

21 

8,      . 

259 

22.      . 

247 

19.      . 

86    , 

17. 

9& 

10.     . 

81 

25.     . 

157 

1 
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Table  of  the  Number  of  Bacteria  found  in  a  Cubic  Centimeter  of  Effluent  from 

Tank  No.  8. 


Date, 

Number 

of 
Bacteria. 

Date. 

Numlicr 

of 
Bacteria. 

Date. 

Number 

of 
Bacteria. 

Date 

Number 

of 
Bacteria. 

1»ST. 

1888- Con. 

1888- Con. 

1880 -Con. 

Nov.     IS.      . 

15,111 

Feb.     25.      . 

15 

Aug.    21,     . 

19 

April     2,      . 

22.      . 

1.015 

23.     . 

90 

Sept.    11.     . 

28 

9,      . 

14 

29.      . 

128 

March  1.     . 

68 

15.     . 

29 

16,     . 

17 

Dec.       1,      . 

114 

3.     . 

32 

20,     . 

14 

24.     . 

8,     . 

60 

6.     . 

36 

25,      . 

10 

80,     . 

10 

0.     . 

61 

8.     . 

35 

29.     . 

9 

May      7.     . 

8,      . 

82 

10,     . 

30 

Oct.       2,      . 

6 

14,     . 

10.      . 

80 

15.     . 

116 

6,     . 

8 

21.     . 

13 

18,      . 

64 

17.     . 

49 

11,     . 

0 

28,     . 

15.      . 

80 

20,     . 

92 

16.     . 

8 

June     4,     . 

17 

17.      . 

45 

22.     . 

32 

20,     . 

6 

11.     . 

20,     . 

10 

24,     . 

25 

25.     . 

26 

18,     . 

22.      . 

6 

27,     . 

8 

30,     . 

23 

26,     . 

24,      . 

40 

April  19.      . 

26 

Nov.      3,     . 

62 

July      2.     . 

ao.     . 

74 

23.     . 

12 

8,     . 

85 

0.     . 

1888. 

28,     . 

20 

13,     . 

58 

16,      . 

40 

Jan.       3,     . 

23 

May      8,     . 

21 

19,     . 

59 

23,     . 

6,      . 

20 

10,     . 

20 

23,     . 

20 

30.     . 

7,     . 

141 

12.     . 

50 

28.      . 

25 

Aug.      8,     . 

10.      . 

20 

19,     . 

11 

Dec.      5,     . 

15 

12.     . 

12.      . 

22 

22,     . 

6 

10.     . 

3 

19.     . 

348 

1-*,      . 

34 

28,      . 

7 

14,     . 

7 

27,     . 

17,     . 

24 

29.      . 

4 

21,     . 

337 

Sept.     2.     . 

12 

19,      . 

67 

31.     . 

0 

26.     . 

11 

10.     . 

21.     . 
24.      . 
26,      . 

75 
6 
11 

Jane      6,     . 
0.     . 
14.     . 

6 
5 
16 

1880. 

Jan.       2.     . 
8.     . 

7 
18 

16.     . 

24,     . 

Oct.       2,     . 

28,     . 

19 

21.     . 

19 

15.     . 

9 

10,     . 

31,     . 

54 

28,     . 

13 

22.     . 
29.     . 

20 

16.      . 

Feb.       2,     . 

t 

July      3,     . 

9 

9 

25.      . 

12 

4.     . 

7.     . 

26 
12 

7,     . 
13.     . 

9 
23 

Feb.      6.     . 
12,     . 

22 

4 

Nov.      6,     . 
16.     . 

23 

0.     . 

13 

17,     . 

13 

19,     . 

1 

21.     . 

11,     . 

7 

21,     . 

8 

27,     . 

1 

Doc.      4.     . 

10 

1«.  . 

16 
3 

26,     . 
Aug.      2.     . 

11 
20 

March  5.     . 
12,     . 

2 
10 

10.     . 
17.     . 

18 

18.     . 

11 

7.      . 

14 

19,     . 

8 

28,     . 

21.     . 
23.      . 

15 
14 

11.     . 
16.     . 

10 
6 

26.     . 

4 
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FILTRATION  OF  WATER. 


TABLES  OF  CHEMICAL  ANALYSES  OF  CITY  WATER 


AND  OF  TnX 


Effluent  from  Tank  ISTo.  8. 


CITT    WATER. 

J 

Residue  oh 
Evaporation. 

Amxoxia. 

1 

XiTBOcra 

Datb. 

li 

1 

1 

i9 

1 

i 
s 

18S7. 

i 

Nov.  17, 

- 

1.15 

8.25 

.0034 

.0144 

.0178 

.30 

.0200     .oroo 

'-8 

- 

1.35 

2.95 

.0016 

.0104 

.0120 

.28 

.0180     .0000 

29 

- 

1.65 

2.90 

.0004 

.0146 

.0150 

•30  . 

.02C0      .0000 

30 

- 

1.30 

2.90 

.0022 

.0164 

.0186 

.32 

.0130      .0000 

Deo.    2 

« 

1.80 

8.00 

.0014 

.0134 

.0148 

.30  > 

.0180 

.OOGO 

» 

- 

1.20 

8.10 

.0042 

.0144 

.0186 

.28 

.0190 

.0000 

5 

- 

1.45 

2.65  1 

.0014 

.0106 

.0120 

.32' 

.0300"    .O-DOO 

6 

- 

1.46 

2.85  1 

.0026 

.0130 

.0156 

.34' 

.0150 

.ocoo 

T 

- 

.35 

3.95  i 

.0026 

.0148 

.0174 

.82 

.0180 

.00i» 

8 

- 

.75 

3.55  1 

.0026 

.0122 

.0148 

.88 

.0200  1    'OOOO 

0 

- 

1.10 

3.25 

.0032 

.0134 

.0166 

.32 ; 

.0220  1    .MM 

10 

- 

2.10 

2.85  ! 

.0020 

.0128 

.0148 

.80  , 

.0200  1    .0000 

12 

- 

1.80 

3.30 

.0018 

.0184 

.0152 

.34! 

.0200      .00C« 

18 

- 

1.45 

8.00 

.0018 

.0122 

.0140 

.20 

.0300 

.0000 

14 

. 

1.15 

2.00 

.0026 

.0132 

.0158 

.26, 

.0180 

.0000 

15 

. 

1.35 

2.80  j 

.0026 

.0134 

.0160 

.24' 

.0180 

- 

15 

- 

1.35 

2.90 

.0040 

.0158 

.0198 

•^1 

.0200 

- 

10. 

- 

1.25 

2.95 

.0020 

.0124 

.0144 

.30  1 

.0180  1    .OOW 

20 

- 

I.IO 

2.60 

.0038 

.0138 

.0176 

.22 

.0150      .OOM 

21 

- 

1.25 

2.76  1 

.0018 

.0106 

.0124 

.20 

.0120      .0000 

26, 

- 

.00 

2.90 

.0034 

.0132 

.0166 

.19 

.0150      .WOO 

28. 

- 

1.20 

3.10 

.0030 

.0138 

.0168 

.20 

.00:0 

.OfiOO 

80 

- 

1.10 

8.06 

.0036 

.0158 

.0194 

.20 

.0070 

.0000 

1888. 

Jan.    2 

- 

1.40 

8.00 

.0034 

.0152 

.0186 

.17 

.0050 

.m 

4 

. 

1.30 

2.80 

.0030 

.0132 

.0182 

.19 

.0070 

.0000 

fl 

- 

1.30 

2.70 

.0016 

.0140 

.0156 

.21 

.0100 

.0000 

», 

- 

1.20 

2.65 

.0040 

.0130 

.0170 

.16 

.0250 

.OOM 
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OUif  TTarfer— Continued. 


^ 

RK8IDCX  OK 

Evaporation. 

Amxokia. 

1 

NlTKOOKN 
AS 

Datx. 

i 

1 

i 

1^ 

< 

1 

?. 

ij 
K 

ISSS-Con. 

Jan.  11, 

- 

1.30 

2.60 

.0036 

.0130 

.0166 

.13 

.0250 

.0000 

16.  . 

- 

1.10 

2.70 

.0022 

.0110 

.0132 

.19 

.0250 

.0000 

M,  .   . 

- 

1.30 

2.65 

.0016 

.0092 

.0108 

.12 

.0100 

.0001 

2S,  . 

- 

1.30 

2.75 

.0080 

.0132 

.0162 

.17 

.0090 

.0000 

2C  .   . 

— 

1.40 

2.80 

.0022 

.0122 

.0144 

.20 

.0200 

.0000 

ao.  .  , 

- 

1.20 

3.15 

.0026 

.0114 

.0140 

.15 

.0100 

.0005 

Feb.  J,  . 

« 

1.45 

2.75 

.0034 

.0112 

.0146 

.18 

.0250 

.0000 

«.  . 

. 

.05 

3.80 

.0036 

.0120 

.0156 

.27 

.0150 

.0000 

».  . 

.15 

1.40 

2.80 

.0036 

.0112 

.0148 

.20 

.0180 

.0000 

IS,  . 

.20 

.50 

3.55 

.0030 

.0118 

.0148 

.26 

.0100 

.0000 

1«,  . 

.20 

.85 

2.00 

.0032 

.0116 

.0148 

.26 

.0050 

.0000 

M.  .   . 

.20 

1.35 

2.70 

.0038 

.0116 

.0154 

.22 

.0100 

.0000 

Har.  I,  . 

.35 

1.20 

8.00 

.0044 

.0008 

.0142 

.20 

.0200 

Present 

8.  . 

- 

1.20 

2.30 

.0032 

.0114 

.0146 

.19 

.0250 

.0000 

15,  . 

.30 

1.70 

3.20 

.0028 

.0082 

.0110 

.18 

.0200 

.0000 

22.  . 

.80 

1.00 

2.75 

.0082 

.0130 

.0162 

.23 

.0200 

rrescnt 

29,  . 

.35 

1.05 

2.75 

.0032 

.0114 

.0146 

.21 

.0180 

.0002 

Apr.  6.  . 

.80 

.05 

2.20 

.0018 

.0102 

.0120 

.25 

.0100 

Present. 

12.  . 

.20 

.70 

2.85 

.«0016 

.0124 

.0140 

.16 

'  .0100 

.0002 

w.  . 

.20 

.75 

2.35 

.0026 

.0108 

.0134 

.18 

.0180 

.0002 

28.  . 

.30 

.00 

3.15 

.0014 

.0102 

.0116 

.15 

.0250 

.0002 

May  10,  . 

.10 

1.00 

2.40 

.0008 

.0082 

.0090 

.12 

.oRo 

.0001 

17,  , 

.10 

1.30 

2.20 

.0002 

.0112 

.0114 

.12 

.0180 

.0008 

24.  . 

.30 

1.50 

2.15 

.0008 

.0004 

.0102 

.12 

.0150 

.0003 

June  5,  . 

.30 

.80 

8.10 

.0008 

.0092 

.0100 

.13 

.0150 

.0001 

12,  . 

.80 

1.44 

1.96 

.0004 

.0090 

.0094 

.18 

1  .0120 

.0000 

w.  . 

.20 

1.00 

2.24 

.0008 

.0094 

.0102 

.21 

.0120 

.0000 

26,  . 

.20 

1.12 

2.56 

.0006 

.0104 

.0110 

.19 

.0180 

.0000 

Jaly  ».  .   , 

_ 

.06 

3.04 

.0024 

.0100 

.0124 

.24 

.0200 

.0000 

10,  . 

.10 

.80 

8.20 

.0064 

.0126 

.0190 

.22 

1  .0150 

.0006 

17.  . 

.10 

1.08 

3.00 

.0004 

.0114 

.0118 

.26 

.0230 

.0000 

24,  . 

.25 

.76 

2.06 

.0006 

.0100 

.0106 

.36 

.0300 

.0000 

SI.  . 

.10 

1.04 

2.80 

.0012 

.0120 

.0132 

.23 

.0220 

.0000 

Aug.  T,  . 

.10 

2.40 

2.20 

.0000 

.0120 

.0120 

.33 

.0230 

.0000 

14.  . 

.10 

1.16 

2.88 

.0010 

.0096 

.0106 

.29 

.0250 

.0000 

21.  . 

.05 

2.64 

1.80 

.0010 

.0116 

.0126 

.29 

.0200 

.0000 

28,  . 

.10 

1.56 

2.60 

.0008 

.0116 

.0124 

.24 

.0220 

.0000 

Sept.  4.  .   , 

.06 

2.32 

2.76 

.0002 

.0100 

.0102 

.25 

.0220 

.0000 

6.  . 

.15 

- 

- 

.0026 

.0144 

.0170 

.25 

.0230 

.0000 

11.  . 

.10 

1.40 

2.84 

.0012 

.0116 

.0128 

.26 

.0220 

.0000 

18,  . 

.05 

1.44 

3.04 

.0000 

.0112 

.0118 

.24 

.0240 

.0000 

2*.  . 

.10 

1.04 

s.«, 

.0016 

.0118 

.0134 

.24 

.0230 

.0000 

After  Augast  1.  residue  on  evaporatioa  was  obtaizied  wlih  sodium  carbonate. 
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FILTRATION  OF  WATER. 


City  Water  —  Continued. 


.^ 

RK8IDUK  ON 

Evaporation. 

Ammonia* 

i 

1 

NiTBOGEII 
AS 

Date. 

i 

i 

•6 
1 

< 

a 

s 

CO 

S 

1 

1 

18«ll-Con. 

1 

Oct     2 

.40  , 

1.44 

2.60 

.0014 

.0124 

.0138 

.22 

.0220 

.0000 

0,  . 

.30  1 

1.68 

2.60 

.0006 

.0180 

.0186 

.20 

.0240 

.0000 

16.   . 

.40  ' 

1.60 

2.52 

.0006 

.0134 

.0140 

.22 

.0220 

.ooco 

23.   .        . 

.50 

1.22 

2.56 

.0022 

.0144 

.0166 

.24 

.0220 

.0000 

30,   .        . 

.60 

1.32 

2.20 

.0012 

.0140 

.0152 

.20  i 

.0200 

.0000 

Nov.    «,   .        . 

.50 

1.16 

3.16 

.0006 

.0118 

.0124 

.24 

.0240 

.0000 

13,   .        .     * 

.40 

1.08 

3.12 

.0008 

.0134 

.0142 

.23 

.0240 

.0000 

20.  . 

.40 

1.36 

2.48 

.0004 

.0100 

.0104 

.24 

.0210 

.oxn 

27.   . 

.40 

1.56 

2.56 

.0004 

.0102 

.0106 

.26 

.0200 

.0000 

Dec.    4,   . 

.30 

1.12 

2.92 

.0004 

.0086 

.0090 

.26 

.0220 

.0000 

11,   .        . 

.20 

1.20 

2.68 

.0006 

.0098 

.0104 

.24 

.0250 

.0000 

18.  . 

.25 

1.04 

2.78 

.0010 

.0076 

.0086 

.21 

.0330 

.0000 

24,   .        . 

.25 

.88 

3.00 

.0014 

.0108 

.0122 

.20  j 

.0240 

.0000 

IMO. 

Jan.     1.  . 

.30 

.96 

2.68 

.0004 

.0124 

.0128 

1 
.23  ' 

.0300 

.0000 

8.  .       . 

.30 

1.00 

3.25 

.0006 

.0078 

.0084  : 

.25 

.0320 

.0000 

15,  . 

.25 

1.08 

2.56 

.0000 

.0096 

.0096 

.21 

.0220 

.OOM 

22,   .        . 

.30 

1.28 

2.48 

.0002 

.0094 

.0096 

.21 ; 

.0230 

.0000 

29.   . 

.20 

.90 

.2.60 

.0002 

.0102 

.0104 

1 

.26  1 

.0230 

.0000 

Feb.    6,   .        . 

.20 

1.24 

2.64  ' 

.0014 

.0072 

.0086 

.21 

.0270 

.OOGO 

S>: 

.20 

.72 

2.96 

.0004 

.0094 

.0008 

.25. 

.0230 

.OON 

.15 

.92 

2.68 

.0006 

.0082 

.0088 

.26! 

.0180 

.0000 

26,   .        . 

.20 

1.16 

2.36 

1 

.0006 

.0086" 

.0092 

.24  < 

.0250 

.0002 

Mar.    5.  .        . 

.15 

.84 

,...1 

.0006 

.0008 

.0104 

.24  . 

.0250 

.0000 

12.  . 

.15 

.64 

3.04 

.0022 

.0100 

.0122 

.24  1 

.0200 

.0003 

19.   .        . 

.20 

.48 

2.88 

.0018 

.0078 

.0096 

.21' 

.0220 

.0090 

20,  .        . 

.20 

.64 

2.52 

.0004 

.0060 

.0084 

.23  - 

.0230 

.0000 

April  2.   . 

.20 

.72 

2.64 

.0012 

.0004 

.0106 

.17 

.0230 

.0000 

».   .        . 

.13 

.48 

2.62 

.0008 

.0088 

.0096 

.17 

.0180 

.0900 

16,  .        . 

.20 

.80 

2.60 

.0010 

.0120 

.0130 

.", 

.0140 

.0001 

23,   .        . 

.15 

1.12 

2.68 

.0006 

.0088 

.0004  ; 

.16 

.0150 

.0000 

80,   .        . 

.25 

1.24 

2.06 

.0006 

.0086 

.0092 

.14 

i 

.0160 

.0001 

May    7,  .       . 

.20 

1.00 

2.32 

.0004 

.0100 

.0104 

.13 

.0120 

.0000 

14,  . 

.20 

.&4 

2.U 

.0004 

.0094 

.0098 

.14 

.0100 

.0000 

21,   .        . 

.20 

1.32 

2.64 

.0000 

.0112 

.0112 

.15 

.0120 

.0001 

28.   . 

.30 

1.20 

2.32 

.0008 

.0118 

.0126 

.16 

.0170 

.0000 

Juno    4,   . 

.20 

1.20 

2.82 

.0006 

.0100 

.0106 

.17 

.0150 

.0001 

11,  .        . 

.20 

1.60 

2.48 

.0010 

.0120 

.0130 

.14 

.0200 

.0001 

18.   .        . 

.20 

1.92 

2.88 

.0010 

.0162 

.0162 

.16 

.0170 

.0000 

26.   .        . 

.25 

1.52 

2.«; 

.0002 

.0154 

.0156 

.16 

.0150 

.0000 

During  tho  year  1888,  from  March  1  to  April  6,  the  water  wa«  alightly  turbid,  with  a  ellght  brown 
floccnient  acdiment.  From  April  12  to  May  21  it  waa  dtntinctly  turbid,  with  more  orle«  icdliB«»t« 
During  the  rest  of  the  year  it  was  generally  very  slightly  turbid,  and  with  very  slight  or  no  sediment. 
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City  Water — Concluded. 


^ 

RKSIDrK  ON 

Evaporation. 

Akxoxia 

j 

NITROOBN 

A8 

Datb. 

i 

1 

1 

|1 

% 

1 

s 
^ 

lASO-Con. 

July  2. 

- 

1.40 

2.6S 

.0020 

.0154 

.0174 

.17 

.0150 

.0000 

9,  .   . 

.00 

1.24 

2.72 

.0008 

.0142 

.0150 

.18 

.0200 

.0000 

16.  .   . 

.80 

1.12 

2.68 

.0014 

.0160 

.0164 

.18 

.0150 

.0000 

23.  .    . 

.20 

1.08 

2.88 

.0006 

.0110 

.0116 

.21 

.0150 

.0000 

30.  .   . 

.20 

1.52 

3.08 

.0006 

.0112 

.0118 

.20 

.0160 

.0000 

Aug.  «,  .   . 

.20 

1.48 

2.72 

.0006 

.0120 

.0126 

.20 

.0200 

.0000 

13.  .   . 

.60 

2.24 

6.12 

.0012 

.0260 

.0272 

.18 

.0150 

.0000 

20.  .    . 

.20 

2.20 

3.35 

.0002 

.0114 

.0110 

.20 

.0200 

.0000 

27.  .    . 

.ao 

- 

- 

.0006 

.0140 

.0146 

.10 

.0220 

.0000 

Sept.  3,  .   . 

.30 

1.52 

8.52 

.0016 

.0142 

.0168 

.23 

.0190 

.0000 

10.  . 

.20 

1.88 

3.40 

.0018 

.0128 

.0146 

.25  1 

.0180 

.0002 

17,  .    , 

.40 

1.30 

3.80 

.0008 

.0138 

.0146 

.26 

.0200 

.0000 

24,  .    . 

.20 

1.00 

8.10 

.0016 

.0148 

.0164 

.25 

.0150 

.0000 

30.  .    . 

.30 

.80 

3.80 

.0016 

.0152 

.0168 

.23 

.0100 

.0000 

Oct.  7.  . 

.30 

1.40 

8.10 

.0012 

.0148 

.0160 

.22 

.0160 

.0001 

14,  . 

.30 

2.10 

2.40 

.0015 

.0160 

.0165 

.20 

.0100 

.0000 

21.  .    . 

.30 

2.10 

2.60 

.0022 

.0150 

.0172 

.21 

.0080 

.0000 

28.  .    . 

.30 

2.10 

2.80 

.0010 

.0164 

.0164 

.21 

.0100 

.0000 

Nov.  4,  . 

.30 

. 

. 

.0008 

.0156 

.0164 

.22 

.0140 

.0000 

11,  .   . 

.40 

1.20 

2.80 

.0014 

.0130 

.0160 

.21  1 

.0000 

.0000 

18.  .   . 

.80 

1.70 

2.20 

.0010 

.0144 

.0154 

.21 

.0100 

.0000 

25,  .    . 

.30 

1.20 

2.00 

.0010 

.0140 

.0160 

.22 

.0090 

.0000 

Deo.  2,  .   . 

.80 

1  1.50 

2.60 

.0010 

.0126 

.0136 

.20 

.0100 

.0000 

».  .   . 

.30 

1  2.80 

2.30 

.0016 

.0138 

.0154 

.18 

.0160 

.0000 

16.  .    . 

- 

1  1.30 

2.40 

.0008 

.0114 

.0122 

.18 

.0110 

.0000 

23,  . 

.40 

1   _ 
1 

- 

.0010 

.0124 

.0134 

.17 

.0170 

.0000 

80,  . 

.30 

'  1.20 

1 

3.10 

.0020 

.0134 

.0164 

.18 

.0080 

.0000 

August  13.  —  Water  toraed  Into  pipe  after  gates  had  been  shut  the  previous  week  to  ^lean  old 
reservoir. 

During  the  year  1889  the  water  was  generally  very  slightly  turbid,  and  with  very  slight  sediment  for 
the  first  seven  months  and  generally  clear  and  free  from  sediment  the  re^t  of  the  year. 
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FILTER   TANK   No.  8. 

HoTeml>er«  188T* 


i 

II 

ft  n 

S'' 

a 

9  Z 

Rksidcb  on  ' 
evjli'obatiom. 

AKMOmA. 

1 

i 

KtTBOCSTI  Afl 

If 
ill 

Ami 

Date. 

§1 

1 

i 

< 

^ 

K 

5^ 

i  i 

15,  . 

16,  . 

17,  . 

18,  . 
10,       . 

20.  . 

21.  . 

22.  . 

23.  . 

24.  . 

25.  . 

26.  . 

27.  . 

28.  . 

29.  . 

30.  . 

408 
408 
408 
408 
408 
408 
408 
408 
408 
408 

544 
544 

544 

1 

1,417 
160 
448 
458 
376 
432 
383 
376 
403 
426 
409 
456 
166 
264 
510  1 
477 

1.55 
.90 

1.00 

.55 

.30 

3.35 
2.45 

4.05 

3.75 

3.10 

.0008 
.0010 

.0012 

.0002 

1  .0006 

.0074 
.0080 

.0082 

.0018 

.0044 

.0082 
.0090 

.0094 

.0020 

i 
.0050  1 

.80  ' 
.43 

.76 

.38 

.31 

.0000 
.0000 

.0030 

.0000 

.0000 

None. 
None. 
None. 
None. 

0 

47'     - 

1 

4fl'i  4r 

45*     - 

4<r    - 

45*     - 

«'l   - 
44*     - 

44'     - 

i 
1 

Nov.  20.  —  Surface  partly  covered  with  water  in  the  morning.  26.  —  One  and  tbree-eizteenths  Inchet 
of  water  on  surface  at  0.00  p.m.  28. —Two  and  threo-aixteeDths  inches.  90. — Two  and  one-fooitb 
inches.     30.—  Seven -sixteenths  inch  of  ice  on  surface  at  8.25  a.m. 

Total  effluent  to  end  of  month,  7,160  gallons. 
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Filter  Tank  No.  8 — Continued. 

I>«cemb«r,  1887. 


i 
1 

Kksidcr  on 
Evaporation. 

AUMOHIA. 

NiTROOEN  AS 

if 

a  C 
cc  2 

111 

Trmprr- 

ATCRR. 

Datr. 

§1 

b* 

1 

< 

= 

1 

S 

i 
1 

1 

1.       . 

484 

338 

- 

- 

- 

- 

- 

- 

0 

- 

- 

2.       . 

293 

296 

- 

- 

- 

- 

- 

- 

- 

- 

- 

• 

8.       . 

405 

403 

.90 

2.95 

.0012 

.0034 

.0046 

.35 

.0010 

None. 

0 

- 

- 

4. 

407 

390 

- 

- 

- 

- 

- 

- 

- 

- 

0 

- 

- 

6.       . 

490 

474  , 

.50 

2.90 

.0004 

.0026 

.0030 

.32 

.0020 

1 

None. 

0 

- 

- 

«,        . 

600 

488 

1 

- 

- 

- 

- 

- 

- 

- 

l>i 

- 

- 

7.       . 

644 

610 

- 

- 

- 

- 

- 

- 

- 

„ 

y* 

- 

- 

8,       . 

590 

616 

- 

- 

.0000 

.0024 

.0024 

.32 

.0030 

None. 

H 

- 

sg* 

9.        . 

650 

635 

- 

- 

- 

- 

- 

- 

- 

- 

1 

- 

- 

10.        . 

645 

603 

.30 

2.55 

.0002 

.0032 

.0034 

.24 

.0060 

None. 

H 

46- 

- 

11. 

610 

668 

- 

- 

- 

- 

- 

- 

- 

- 

lU 

- 

- 

12,        . 

614 

637 

.40 

2.45 

.0002 

.0028 

.0030 

.23 

.0080 

None. 

IH 

- 

- 

13.        . 

664 

578 

- 

- 

- 

- 

- 

- 

- 

- 

- 

42* 

- 

14.       . 

600 

666 

.40 

2.55 

.0000 

.0016 

.0016 

.24 

.0050 

None. 

H 

- 

- 

15.        . 

620 

667 

- 

- 

- 

- 

- 

- 

- 

- 

K 

- 

- 

16.       . 

652 

238 

.40 

2.55 

.0004 

.0028 

.0032 

.25 

.0020 

None. 

K 

- 

- 

17,       . 

518 

^13 

- 

- 

- 

- 

- 

- 

- 

- 

y* 

- 

- 

18.       . 

647 

409 

- 

- 

- 

- 

- 

- 

- 

- 

- 

43' 

- 

19.        . 

645 

415 

.50 

2.65 

.0014 

.0044 

.0058 

.81 

.0050 

None. 

K 

44' 

- 

20,        . 

498 

502 

- 

- 

- 

- 

- 

- 

- 

- 

;.' 

- 

- 

21,       . 

630 

493 

.35 

2.55 

.0004 

.0022 

.0026 

.25 

.0040 

None. 

i>i 

46' 

- 

22.        . 

620 

495 

- 

- 

- 

- 

- 

- 

- 

- 

1 

41' 

- 

23,        . 

618 

473 

.25 

2.65 

.0002 

.0024 

.0026 

.22 

.0050 

Present. 

- 

- 

- 

24.        . 

465 

533 

.40 

2.45 

.0000 

.0036 

.0036 

.20 

.0030 

None. 

0 

- 

- 

25.        . 

470 

437 

- 

- 

- 

- 

- 

- 

- 

- 

0 

- 

- 

26.        . 

454 

440 

- 

- 

- 

- 

- 

- 

- 

- 

0 

41* 

- 

27.        . 

83S 

366 

.80 

2.75 

.0004 

.0040 

.0044 

.22 

.0040 

Present. 

0 

- 

- 

28.        . 

258 

301 

- 

- 

- 

- 

- 

- 

- 

0 

- 

- 

29. 

294 

339 

1     .30 

2.60 

.0006 

.0046 

.0052 

.22 

.0050 

None. 

0 

- 

- 

30.        . 

440 

263 

1 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

8k 

202 

217 

.80 

1 

2.86 

.0004 

.0028 

.0032 

.21 

.0080 

None. 

- 

- 

- 

Dec.  1  to  6.  — From  1  Inch  to  2  inches  of  Ice  on  surface.  6.  —  Five-eighths  Inch.  7. —Seven- 
sixteenths  inch.  9  and  10.  —  One-sixteenth  inch.  14.  —  Three-sixteenths  inch.  17.  — Eleven-six- 
teenths inch.  18.  — One  and  seven-eighths  inches  of  ice  and  water.  19.  — Seven-eighths  inch  of  ice. 
20.  — Three-eighths  inch.  22.  — One-fourth  inch.  23  to  27.  — From  1  inch  to  2V  inches.  28  to  31.— 
From  2  »i  inches  to  4  inches.  2.  —  No  water  on  surface  at  1 .04  p.m.  and  2^  inches  at  8.45  p.m.  4.  —  Two 
and  flve-eighths  inches  at  8.48.  p.m.  16.  —  From  2%  inches  to  2  3-16  inches,  from  11.60  a.m.  to  8.08  p.m.  80 
and  31 .  —  Surface  covered  in  tha  morning.  16  and  17.  —  Outlet  olosed  a  part  of  the  time.  10.  —  Some 
effluent  lost. 

Total  effluent  to  end  of  month.  21,216  galloos. 
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Filter  Tank  No.  8 — Continued. 

jranaar;f ,  188S. 


■a    , 

5= 

Si 

11 

KEamcR  ox 

EVJLPllllAttOIl. 

Ammokia. 

1 

i 

NiTHOGBSr  AS 

Tevpek- 

ATUBS. 

lUtK. 

t 

1 

is 

< 

^ 

» 

§ 

1  i 

1.          . 

132 

158 

- 

- 

- 

- 

- 

- 

- 

- 

89*      - 

2,       . 

210 

151 

- 

- 

- 

- 

- 

- 

- 

- 

- 

42*      - 

8,       . 

218 

195 

.35 

2.70 

.0010 

.0038 

.0048 

.24 

.0080 

Present. 

2 

38       . 

4.       . 

238 

205 

- 

- 

- 

- 

- 

- 

- 

- 

1 

189-,    - 

6.       . 

160 

203 

.40 

2.45 

.0014 

.0024 

.0038 

.25 

.0080 

Present. 

- 

41       - 

6,       . 

205 

159 

.75 

2.95 

.0000 

.OOU 

.0044 

.24 

.0080 

None. 

- 

38*      - 

7,       . 

240 

190 

- 

- 

- 

- 

- 

- 

- 

- 

- 

i  45'      - 

8.       . 

200 

210 

- 

- 

- 

- 

- 

- 

- 

- 

- 

43*      - 

9,       . 

225 

226 

.35 

2.65 

.0006 

.0022 

.0028 

.26 

.0080 

None. 

- 

42*      - 

10,      . 

222 

189 

- 

- 

- 

- 

- 

- 

- 

- 

- 

42* 

- 

11,        . 

198 

170 

.50 

2.15 

.0012 

.0024 

.0036 

.37 

.0120 

Present 

- 

40* 

- 

n,     . 

_ 

155 

- 

- 

- 

- 

- 

- 

- 

- 

- 

-       - 

13,       . 

- 

110 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

14,       . 

217 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

15,        . 

201 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

16,       . 

_ 

362 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

17,       . 

- 

397 

.20 

2.70 

.0006 

.0028 

.0034 

.23 

.0100 

Present. 

- 

-       - 

18,       . 

- 

397 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

19,       . 

- 

404 

.45 

2.30 

.0012 

.0014 

.0026 

.24 

.0150 

Present. 

- 

- 

»• 

20,       . 

- 

412 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

21,       . 

- 

349 

- 

- 

- 

- 

- 

- 

- 

- 

- 

-  :  " 

22,       . 

- 

310 

- 

- 

- 

- 

- 

- 

- 

.      - 

- 

- 

- 

23.       . 

- 

193 

.60 

2.45 

.0014 

.0022 

.0036 

.24 

.0180 

Present. 

- 

- 

- 

24,       . 

- 

113 

- 

- 

- 

- 

- 

- 

- 

- 

- 

-     - 

25,       . 

- 

83 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1 

26.       . 

- 

86 

.40 

2.60 

.0016 

.0026 

.0042 

.24 

.0180 

lYescnt. 

- 

.  1  > 
1 

27,       . 

- 

173 

- 

- 

- 

- 

- 

- 

- 

- 

- 

35*     - 

28.       . 

- 

228 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

29.       . 

- 

193 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

30,       . 

- 

213 

.60 

2.40 

.0010 

.0022 

.0032 

.20 

.0150 

Present. 

- 

- 

- 

81.        . 

- 

203 

- 

- 

- 

- 

- 

- 

- 

- 

- 

-      3f 

Jan.  1.  —  Four  inches  of  Ice  and  water  on  surface.  2.  —  Four  inches  of  ice  and  4  inches  of  frost. 
3.  —  Four  inches  of  ice.  4.  —  Three  inches.  5.  —  Three  and  a  half  Inches  of  ice  and  water.  6.  —  Three 
and  a  half  Inches  of  ice.  7  to  11.  —  Four  inches  of  ice  and  water.  27.  —  Seven  and  a  half  inches  of  ice 
and  15  inches  of  frost.    Holes  cut  through  it.    12  to  81 .  ~  Tank  Ailed  at  each  flooding. 

Total  effluent  to  end  of  month.  28,082  gallons. 
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FUler  Tank  No.  8—  Continued. 

Vebni<U7,  I8SS. 


1. 
|| 

§1 

it 

Uksidub  on 
Evaporation. 

Ammonia. 

i 

NlTBOGBN  AS 

Tbmpkk- 

AT(7BB. 

Datk. 

|j 

1 

t 

1 

-< 

'5 

1 

1 

'A 

>5 

1 

1 

1,         .         .        . 

_ 

200 

1 

« 

« 

. 

. 

- 

1    . 

_ 

2,         . 

- 

174 

.50 

2.35  1 

1 

.0004 

.0030 

.0034 

.19 

.0200 

None. 

- 

- 

8. 

- 

156 

- 

1 

- 

- 

- 

- 

- 

- 

- 

- 

4,         . 

- 

180 

- 

- 

- 

*    " 

- 

- 

- 

- 

34' 

5, 

- 

146 

- 

- 

- 

- 

- 

~ 

- 

- 

- 

e. 

- 

163 

.35 

2.45 

.0006 

.0030 

.0030 

.23 

.0180 

None. 

- 

35* 

7. 

- 

128 

- 

- 

- 

- 

- 

- 

- 

- 

- 

35* 

8» 

- 

119 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

9, 

- 

126 

.50 

2.50 

.0006 

.0022 

-.0028 

.25 

'  .0000 

None. 

-      1      - 

10, 

- 

121 

1      - 

- 

- 

- 

- 

1      - 

_ 

- 

-      1      - 

n. 

1 

97 

- 

- 

- 

- 

- 

- 

.    135- 

5^ 

'     - 

96 

1 

- 

- 

- 

- 

- 

- 

13. 

- 

96 

.30 

2.80 

.0006 

.0040 

.0046 

.26 

.0020 

None. 

- 

u. 

1  - 

105 

- 

~ 

- 

- 

- 

- 

- 

- 

- 

36- 

15, 

- 

108 

- 

. 

- 

- 

- 

- 

- 

- 

35* 

18, 

- 

90 

.50 

2.60 

.0004 

.0028 

.0032 

.21 

.0100 

Present. 

- 

86* 

IT. 

- 

79 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

IS. 

- 

60 

- 

- 

- 

- 

- 

- 

- 

- 

1   35- 

- 

w. 

0 

60 

- 

- 

- 

- 

- 

- 

- 

- 

1 

- 

20. 

1     ' 

75 

- 

- 

- 

- 

- 

- 

- 

- 

^ 

- 

21, 

!  0 

79 

- 

- 

- 

- 

- 

- 

- 

- 

- 

87* 

22. 

0 

02 

- 

_ 

- 

- 

- 

- 

- 

- 

- 

- 

23, 

- 

120 

.65 

2.55 

.0004 

.0026 

.0030 

.20 

.0070 

Present. 

35- 

36» 

24. 

- 

841 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

25. 

- 

467 

- 

- 

- 

- 

- 

- 

- 

36* 

35* 

2«. 

- 

418 

~ 

- 

- 

- 

- 

- 

- 

- 

- 

- 

27, 

- 

460 

- 

- 

- 

- 

- 

- 

- 

- 

- 

28, 

- 

613 

1      - 

- 

- 

- 

- 

- 

- 

- 

- 

34* 

29. 

t 

460 

- 

- 

- 

- 

- 

'    1 

- 

- 

- 

34* 

Feb.  1  to  18.  and  23  to  29.  —  Tank  filled  at  each  flooding.    18.  —  Trenoh  cut  through  ice  and  2  Inches 
of  sand.    25  and  26.  —  Air  came  up  in  one  or  two  holes  in  surface. 
Total  effluent  to  end  of  month,  33,524  galioos. 
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Filter  Tank  No.  ^—Continued. 


Hareb,  ISSA. 


Datr. 


1» 
2. 
8. 
4. 
5, 
8» 
7, 
8, 
». 
10, 
11. 
12, 
13. 
14. 
15. 
16. 
17,^ 
18. 
19. 
20, 
21, 
22, 
23, 
24. 
26, 
26, 
27. 
28, 
29. 
30. 
31. 


1 


150 
150 
150 
150 
150 
150 
150 
150 
150 


n 


887 


627 
343 
373 
386 
334 
385 
366 
433 
350 
405 
363 
400 
467 
423 
381 
353 
503 
405 
484 
1,259 
101 
144 
126 
152 
324 
223 
170 
124 
21 


ItBSIDUK  ON 
EVAPOnATIOX. 


F' 


1.00 


.80 


t 


2.75 


.0010 


.0020 


2fi 


.0010 


.0026 


.0044 


.0024 


.0046 


.23 


NiTROGEK  AS 


.0180 


.22 


.20 


.0250 


.0180 


.0150 


i' 


Tksipi.»- 


None. 


W 


S5" 


35" 


ztr 
sr 

ze 

35* 
Si* 

34' 


None.  I 


None. 


None. 


38  m.    !  sr 
i 

'  3«* 

40  m.  36* 


66  m. 
20  m. 


35* 
iff 

rr 

ss* 

as* 
w 
ss* 

39* 


Bffluent  colorless,  clear  or  nearly  so,  and  generally  free  from 
filled  at  each  flooding.  22.  —  Water  siphoned  from  surface.  31.  - 
high. 

Total  effluent  to  end  of  month,  44,736  gallons. 


sediment.    March  1  to  22.- Tank 
-Outlet  clooed  atlOJ4AJi.  Birer 
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Filler  Tank  No.  5— Continued. 
April,  laas. 


1. 

Kbsidub  ox 
Evaporation. 

Ammonia. 

NiTBOGEN  AS 

i^ 

Tempkk- 

ATORK. 

Bats. 

i 

1 

1 

il 

1 

1 

S 

i 

*: 

1, 

2.       . 

8.       . 

4.  . 

5,  . 
6. 

7. 

8,       . 

0.       . 

10,  . 

11,  . 

12,  . 

13,  . 

14,  . 

15,  . 
1«,        . 

17,  . 

18,  . 
1»,       . 

20,  . 

21,  . 

22,  . 

23,  . 

24,  . 

25,  . 
2«.       . 

27.  . 

28.  . 

29.  . 

150 
150 
150 
150 
150 
150 

150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
800 

160 
150 
150 
150 
150 
800 

330 

539 
125 
223 

145 
238 
104 
160 
137 
153 
142 
137 
156 
132 
132 
298 
81 
72 
132 
145 
135 
146 
254 
49 

.35 

.46 

i      - 

.80 

j 

2.00 
2.75 
2.60 
2.40 

.0028 

1      " 

i 

.0020 

1   . 

1      . 

.0020 

1 

.0012 

.0084 
.0046 
.0052 
.0012 

.0062 
.0066 
.0072 
.0024 

.21 
.21 
.11 
.18 

.0120 
.0180 
.0200 
.0300 

None. 
Preient. 
None. 
None. 

28  m. 
37  m. 

88  m. 

85  m. 
87  m. 

86  m. 

86* 
86* 
37' 
37- 

_ 

37* 
37' 
87* 
87* 
88' 
SS* 
88' 
38* 
88* 
38* 
38' 
39* 

41' 

40- 
42- 
42- 
41* 
43* 

38* 

39* 
40* 
39* 

40* 
39* 
41* 

4r 

41* 
41* 
41- 
42* 
AV 
42* 

4r 
4r 

42* 
42* 
42* 
43* 
42- 
43- 

Effluent  coIorleM,  from  distinctly  turbid  to  clear,  and  with  little  or  no  sediment.  April  2.  —  Outlet 
open  from  2.01  p.m.  to  4.08  p.m.  4.  —  Outlet  opened  at  7.00  a  m.  7,  5.21  a  m.,  to  10,  8.13  a.m.  —  Outlet 
dosed.  River  high.  21.  ~  Second  150  gallons  applied  disappeared  in  thirty -five  minutes.  29.— 
Outlet  closed  at  6.43  p.m.    River  high. 

Total  effluent  to  end  of  month,  48,901  gallons. 
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Filter  Tank  No.  d— Continued. 


1=^ 

Rbsidub  oh 
Evaporation. 

AXXOMIA. 

i 
S 
6 

NlTROOXV  AS 

TivriB- 

AT  CM. 

Datb. 

]i 

1 

1 

I' 

1 

1 

si; 

i 

:*  1 

1, 
2. 

s, 

«. 
7. 
8. 

10, 
11. 
12, 
18, 

u. 

16. 

18. 

17. 

18, 

19. 

20, 

21, 

22. 

23, 

24, 

25. 

2«.        . 

27,        , 

28, 

20. 

80. 

31. 

160 
420 

150 
150 
150 
150 
150 
800 

160 
160 
800 

160 
160 
160 
160 
160 
800 

150 
150 
160 
150 

142 
400 
09 
71 
120 
223 
168 
139 
858 

386 

136 

321 

70 

70 

139 

139 

141 

130 

263 

62 

84 

255 

144 

130 

i  - 

1 

1 

.50 

2.20 

1.80 
1.35 

.75 

2.50 

1.50 

1.80 

- 
1 
8.20 

-  1 

! 

-  j 

3.45 

.0014 

.0000 

.0012 
.0008 

.0010 

.0024 

.0040 

.0026 
.0018 

.0060 

.0038 

.0040 

.0088 
.0026 

.0070 

.17) 

.  1 

.  1 

* 

.17 

.18 
.20 

.17 

.0400 

.0450 

.0500 
.0650 

.0750 

Present. 

None. 

Present 

None. 

- 
None. 

1  _ 

'  44 
45 

44 
44^ 
46* 
46* 
61' 
46- 

47 

4r 

48' 
48" 

51* 
48' 

sr 

51* 
51' 

a* 

53' 

1 
•   w 

4r 

4r 

4r 

48* 

1." 

1    . 

> 

i  •* 
» 

48* 

1  SO* 
'  «• 

sr 
sr 

w 
sr 

M' 

Effluent  colorleu,  dear  or  nearly  so,  and  very  nearly  free  from  eediment.    May  4.— OaiJet  opeoed 
at  10.82  A.H.    12,  8.55  P.M.,  to  17.  7.46  A.H.  —  Outlet  closed.    River  high. 
Total  effluent  to  end  of  month,  63,070  gallons. 
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Filler  Tank  No.  5—  Continued. 

JvBC,  ISM. 


i 
1 

p 

11 

no 

h 

RK8IDCK  on 

EVAl>OBATIOM. 

Amvokia. 

u 

NiTBOOBN  AB 

TSMPKH> 

ATCRB. 

Datb. 

si 

1 

i 

i^ 

-< 

1 

s 

1 

1 

B 

1.  . 

2..        . 
3,.        . 

4,  . 

B.  .         . 

«..         . 

T,  .        . 

8,. 

•,  .        . 
10,. 
11,. 
12..       . 
13.. 

14..        , 
15,. 

la.. 

17..        . 

18..        . 

19.. 

20..        . 

21.. 

22.. 

23.. 

24,. 

25,. 

26,. 

27,. 

28,. 

M.. 

30,. 

• 

240 
800 

150 
150 
150 
150 
150 
800 

150 
150 
150 
150 
150 
800 

150 
150 
150 
150 
150 
800 

150 
800 
800 
300 
800 
600 

250 

261 

60 

82 

136 

124 

152 

187 

260 

63 

70 

131 

127 

203 

104 

280 

65 

66 

128 

97 

140 

149 

272 

76 

117 

854 

827 

266 

802 

579 

.60* 

1.00 

.96 

.76 

8.20 
2.72 
8.82 
8.20 

.0004 
.0000 
.0016 
.0018 

.0028 
.0030 
.0034 
.0054 

.0032 

.0050 
.0072 

.14 
.21 
.25 
.20 

.0800 
.0700 
.0570 
.0400 

.0001 
.0000 
.0000 
.0001 

65' 
55* 

66* 

56* 

56* 

6r 

68' 
57* 
61' 
61- 
62" 
62* 

62* 
64- 

tr 
u* 

65* 
65- 

65- 

65* 

165- 
1 
63* 

63* 

54* 
55* 

66* 
56* 
58* 
58* 
58* 
60* 

er 

60* 
61- 
60- 

or 

68* 

66' 
68* 
68* 
68* 
66* 
67* 

65» 
66* 
66- 
65* 
65* 
67* 

EfBaent  colorless,  clear  or  very  nearly  so,  and  with  very  little  or  no  sediment. 
Total  effluent  to  end  of  month,  58,547  gallons. 
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Filler  Tank  No.  5  — Continued. 

Xvly,  1888. 


1. 

P 

ReSIDUB  ON 

Evaporation. 

Ammonia. 

j 

KlTBOOKN  AS 

ill 

TBNrBI. 
ATCEK. 

Dam. 

i 

1 

!*4 

1 

1 

S 

S 

1! 

1.       • 

» 

00 

_ 

. 

^ 

„ 

« 

_ 

. 

« 

_ 

« 

2,       . 

800 

236 

- 

- 

- 

- 

- 

- 

- 

- 

- 

65*     6fir 

h       . 

800 

275 

.56 

8.16 

.0020 

.0050 

.0070 

.22 

.0250 

.0000 

- 

«• 

64* 

4.       . 

800 

288 

- 

- 

- 

- 

- 

- 

- 

- 

- 

66- 

«r 

».       . 

300 

284 

- 

- 

- 

- 

- 

- 

- 

- 

- 

66*'  «r 

•.       . 

800 

286 

- 

- 

- 

- 

- 

- 

- 

- 

- 

65*   ep 

T,       . 

600 

561 

- 

- 

- 

- 

- 

- 

- 

- 

- 

«r 

tsr 

8.       . 

- 

60 

- 

" 

- 

- 

- 

- 

- 

- 

- 

- 

- 

9.       . 

300 

236 

- 

- 

- 

- 

- 

- 

- 

- 

«•,«• 

10.       . 

300 

278 

.52 

2.84 

.0004 

.0048 

.0052 

.22 

.0260 

.0000 

67-     W 

11,       . 

300 

261 

- 

- 

- 

»    " 

- 

- 

- 

- 

66*     70* 

12.       . 

1,000 

1,076 

- 

- 

- 

- 

- 

- 

- 

- 

2h.5m. 

«?•    W 

13,       . 

1,000 

970 

- 

- 

-. 

- 

- 

- 

- 

- 

2h.8m. 

68-     » 

14,       . 

1,000 

983 

- 

- 

- 

- 

- 

- 

- 

- 

. 

eS*     71' 

16,       . 

- 

75 

- 

- 

- 

- 

- 

- 

- 

- 

. 

-       - 

16.       . 

1,000 

914 

- 

- 

- 

- 

- 

- 

- 

- 

2h.lm. 

cr   v 

17,       . 

1,000 

996 

.56 

2.72 

.0014 

.0040 

.0054 

.00 

.0230 

.0000 

lh.50m. 

cr   To- 

18.      . 

1.000 

909 

- 

- 

- 

- 

- 

- 

- 

- 

lh.57m. 

es-    71* 

1».       . 

1,000 

1.132 

- 

- 

- 

- 

- 

- 

- 

- 

2h.l6m. 

er '  rr 

20.       . 

1,000 

1,049 

- 

- 

- 

- 

- 

- 

- 

- 

2h.l3m. 

65-   :r 

21,       . 

1.000 

1.004 

- 

- 

- 

- 

- 

- 

- 

- 

^ 

68*  rr 

22,       . 

- 

70 

- 

- 

- 

- 

- 

- 

- 

- 

- 

23.       . 

1,000 

991 

- 

- 

- 

- 

- 

- 

- 

- 

2h.8m. 

OS*!  n- 

24. 

1.000 

984 

.28 

2.40 

.0008 

.0018 

.0026 

.87 

.0350 

.0000 

2h.l2m. 

CB*  :r 

25,        . 

1,000 

985 

- 

- 

- 

- 

- 

- 

- 

- 

68- 

rr 

26,       . 

1.000 

1,032 

- 

- 

- 

- 

- 

- 

- 

- 

lh.44m. 

69* 

w 

27,        . 

1,000 

1,025 

- 

- 

- 

- 

- 

- 

- 

- 

_ 

9r    T? 

28,       . 

1,000 

1.016 

- 

- 

- 

- 

- 

- 

- 

- 

- 

es*  71* 

29.       . 

- 

71 

- 

- 

- 

- 

- 

- 

- 

- 

- 

-     - 

80.       . 

1,000 

917 

- 

- 

- 

- 

- 

- 

- 

- 

- 

68*    «• 

31,       . 

1,000 

1.009 

.36 

2.36 

.0000 

.0028 

.0028 

.25 

.0290 

.0000 

«r  71* 

1 

Effluent  clear  and  colorless,  and  with  very  little  or  no  sediment. 
Total  effluent  to  end  of  month.  78,669  gallons. 
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Filter  Tank  No.  ^—Continued. 


i 

1= 

RK8IDCK  ON 
EVJLPOKATION. 

Ahxomia. 

y 

KlTROOBM 
AS 

cb| 

Tbmpkr- 

▲TURK. 

I>ATS. 

li 

1 

1 

< 

1 

J 

1 

1 

«2 

1 

1,           . 
«•           . 

4. 

5.  . 

6.  . 

7,  . 

8,  . 
».        . 

10,  . 

11,  . 

12,  . 

13,  . 

14,  . 

15,  . 
1«,        . 

17,  . 

18,  . 

19,  . 

20,  . 

21,  . 

22,  . 

23,  . 

24,  . 

25,  . 

26,  . 

27,  . 

28,  . 
2B.        . 
80,        . 
3,.       . 

1,000 
1,000 
1,000 
1,000 

1,000 
1.000 
1,000 
1,000 
1,000 
1.000 

1,000 
1.000 
1,000 
1.000 
1,000 
1.000 

1.000 
1.000 
1.000 
1.000 
1.000 
1,000 

1.000 
1.000 
1.000 
1,000 
1.000 

1,027 
1,010 
1.044 
1.014 
60 
1,037 
1.062 
1,016 
1.032 

091 

1.025 

70 

1.092 

978 

985 

1.016 

1.139 

1.014 

49 

900 
1.029 
1.179 
1.025 
1,021 
1.033 
72 

025 
1.005 
1,002 

971 

979 

1.36 

.48 

1.48 

1.16 

2.16 
2.64 
1.92 

1.68 

.0000 
.0002 
.0020 
.0002 

.0032 
.0028 
.0054 
.0040 

.0032 
.0030 
.0074 
.0042 

.27 

_ 

.42 
.26 
.31 

.0250 
.0240 
.0250 
.0200 

.0000 
.0000 
.0000 
.0000 

2b.  22m. 

2b.  19m. 

8b.  25m. 
2b.  82  m. 
2h.83m. 
2h.30m. 
2b.  49m. 

2b.lm. 
2b.  20m. 
2h.38m. 
2b.  36m. 
2h.  41m. 
2h.36m. 

2h.21m. 
2b.  45  m. 
2h.46m. 
2ta.39m. 
2h.46m. 

69* 
69* 
70" 
TO- 

60- 
69- 
69* 
70* 
69* 
69* 

69- 
69- 
69- 
69- 
69" 
69- 

69- 
69* 
69- 
69* 
69" 
69* 

68" 
68* 
68" 

;«. 

1    68- 

72* 

ir 

7S» 
73* 

73" 
72* 
71- 
70* 
72* 
71- 

69* 
69* 
70- 

ir 

70- 
71- 

73* 
73" 
72* 
71- 
72- 
72* 

72* 
71* 
71* 
71* 
71- 

Efflueot  colorless,  clear  or  nearly  to.  and  very  nearly  free  from  sediment.    After  August  1.  residue 
on  evaporation  was  obtained  with  sodium  carbonate. 
Total  effluent  to  end  of  montb,  106.480  gallons. 
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FOier  Tank  No.  5— Contmned. 

■evtraabw,  ISSS. 


1 

13 

Uksiduk  on 
evapokation. 

Ammonia. 

6 

i 

IflTBOOBK  AS 

£l 

1     ATLRS. 

Datb. 

il 

1 

1 

1^ 

< 

o 

1 

1 

I  III 

1  °1* 

1     J 

i  ■  I 
1  i 

1,         . 

1.000 

1.076 

_ 

- 

- 

» 

_ 

« 

« 

„ 

- 

9sr 

IV 

2> 

- 

70 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

8, 

1.000 

880 

- 

- 

- 

- 

- 

- 

- 

- 

2h.21m  :  63*1  Tl' 

4.         . 

1,000 

1.016 

.44 

2.40 

.0000 

.0028 

.0028 

.26 

.0230 

.0000 

2h.46m.!    09*;  TI* 

5, 

1,000 

1.002 

- 

- 

- 

- 

- 

- 

- 

- 

2h.43m .1  er  n' 

ft. 

1.000 

070 

- 

- 

- 

- 

- 

- 

- 

- 

2h.53mJ    6S*    H* 

7,         . 

1.000 

081 

- 

- 

- 

- 

- 

- 

- 

- 

2h.53in      67    TtT 

8,         . 

1,000 

1,247 

- 

- 

- 

- 

- 

- 

- 

- 

-        1    67*     TO* 

9. 

- 

01 

- 

- 

- 

- 

- 

- 

- 

- 

1 
2h.43m.|    <r 

- 

10, 

1,000 

943 

- 

- 

- 

- 

- 

- 

- 

- 

0* 

11. 

1,000 

907 

.32 

2.56 

.0000 

.0024 

.0024 

.27 

.0200 

.0000 

3b.  8mJ|  cr 

1 

:t 

12,         . 

1,000 

1,080 

- 

- 

- 

- 

- 

- 

- 

- 

3h.29m. 

er:  » 

13, 

1,000 

902 

- 

- 

- 

- 

- 

- 

- 

- 

2h.42m. 

er   vf 

14,         . 

1,000 

1,016 

- 

- 

- 

- 

- 

- 

- 

- 

3h.  8m. 

6T'  ir 

15.         . 

1.000 

001 

- 

- 

- 

- 

- 

- 

- 

- 

2h. 

w  «• 

Ifl.         . 

- 

79 

- 

- 

- 

- 

- 

- 

- 

- 

- 

-!- 

n. 

1,000 

046 

- 

- 

- 

- 

- 

- 

- 

- 

2h.50m. 

67    » 

18,         . 

1,000 

1,226 

.16 

8.80 

.0004 

.0030 

.0034 

.25 

.0220 

.0000 

8h.5lm. 

1 

19, 

1.000 

1,018 

- 

- 

- 

- 

_ 

- 

- 

- 

Sh.l2m. 

fis-'er 

20. 

1,000 

1,028 

- 

- 

- 

- 

- 

- 

- 

- 

- 

ec'er 

21, 

1,000 

1.212 

- 

- 

- 

- 

- 

- 

- 

- 

- 

65-    ©• 

22, 

1.000 

1,076 

- 

- 

- 

- 

- 

- 

- 

- 

- 

65'    «• 

23,         . 

- 

85 

- 

- 

- 

- 

- 

- 

- 

-       1    .      - 

24.         . 

1,000 

894 

- 

- 

- 

- 

- 

- 

- 

- 

Sh.lOm. 

65*    6r 

26.         . 

1,000 

1,072 

.32 

3.32 

.0010 

.0026 

.0036 

.25 

.0220 

.0000 

Sh.Mm. 

1  «•    «• 

26, 

1.000 

1.288 

- 

-* 

- 

- 

- 

- 

- 

- 

- 

63-,  ff 

27. 

1,000 

1,039 

- 

- 

- 

- 

- 

- 

- 

- 

4h.  5in. 

&,& 

28, 

1,000 

1,013 

- 

- 

- 

- 

- 

- 

- 

- 

-      '  6-r  a* 

20, 

1,000 

059 

- 

- 

- 

- 

- 

- 

- 

- 

Sh.59m.    62*    «' 

80, 

- 

89 

- 

- 

- 

- 

- 

- 

- 

- 

-       i    -      . 

1 

'1 

Effluent  colorlees,  free  from  sediment,  and  generally  clear. 
Total  effluent  to  end  of  month,  132,775  galloiiB. 
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FiUer  Tank  No.  8—  Continued. 

October,  18M. 


1. 

li 

"1 

t 

RBSmUB  OK 
EVAPOBATIOX. 

Amuoxia. 

J 

NITROOBN  AS  1 

Tbmpbb- 

ATUKB. 

Datb. 

li 

1 

i 

< 

1 

i 
1 

9. 

1 

«2 

1. 

1.000 

932 

_ 

. 

- 

. 

_  • 

- 

- 

- 

- 

6r 

62* 

2, 

1,000 

1,132 

.82 

2.52 

.0002 

.0028 

.0030 

.22 

.0210 

,0000 

- 

62- 

eo* 

«. 

1,000 

1,030 

- 

- 

- 

- 

- 

- 

- 

- 

- 

60" 

69* 

4. 

1,000 

1.044 

- 

- 

- 

- 

- 

- 

- 

- 

- 

hV 

58* 

6.         . 

1.000 

1,109 

- 

- 

- 

- 

- 

- 

- 

- 

69* 

67* 

«. 

1.000 

1,166 

- 

- 

- 

- 

- 

- 

- 

- 

68- 

68* 

T.         . 

- 

251 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

«. 

1.000 

049 

- 

- 

- 

- 

- 

- 

- 

- 

- 

67* 

67* 

0. 

1,000 

1,003 

.56 

2.56 

.0002 

.0036 

.0038 

.23 

.0220 

.0000 

" 

57- 

bV 

10. 

1.000 

096 

- 

- 

- 

- 

- 

- 

- 

- 

4h.50in. 

57* 

hV 

11, 

1.000 

1.040 

- 

- 

- 

- 

- 

- 

- 

- 

- 

66» 

56- 

12.          . 

1.000 

1.011 

- 

- 

- 

- 

- 

- 

- 

- 

- 

58* 

54* 

18.          . 

1,000 

1,045 

- 

- 

" 

- 

- 

- 

- 

- 

- 

65- 

63* 

M.          . 

- 

91 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

15. 

1,000 

908 

- 

- 

1 

- 

- 

- 

- 

- 

- 

56* 

68* 

1«. 

1,000 

1.041 

.64 

2.44 

1  .0000 

.0022 

.0022 

.26 

.0220 

.0000 

- 

55- 

64- 

IT. 

1,000  1  1.114 

- 

- 

- 

- 

- 

- 

- 

- 

5h. 

54* 

62* 

18. 

1.000  .  1.006 

- 

- 

- 

- 

- 

- 

- 

- 

- 

65- 

62- 

M.         . 

1,000  ,  1.003 

- 

- 

- 

- 

- 

- 

- 

- 

- 

65- 

53- 

20,         . 

1,000 

1.040 

- 

- 

- 

- 

- 

- 

- 

- 

- 

64* 

62- 

21.         . 

- 

96 

1      - 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

22.         . 

1,000 

882 

1 

1 

- 

- 

- 

- 

- 

- 

- 

3b.40m. 

63- 

63* 

23.         . 

1,000 

1,010 

.48 

2.24 

.0004 

.0036 

.0040 

.20 

.0230 

.0000 

- 

bV 

Si- 

24,         . 

1.000 

1.129 

- 

- 

1      - 

_ 

- 

- 

- 

- 

- 

52- 

so- 

25,         . 

1,000 

083 

- 

- 

- 

- 

- 

- 

- 

- 

- 

62* 

so* 

2«.         . 

1,000 

1.021 

- 

- 

1      - 

- 

- 

- 

- 

4h.38m. 

52- 

- 

2T,        . 

1,000 

1.007 

- 

- 

- 

- 

- 

- 

1      - 

- 

- 

61* 

60- 

28.         . 

- 

138 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

20. 

1.000 

900 

- 

- 

- 

- 

- 

- 

- 

- 

- 

!51- 

62- 

30,         . 

1.000 

970 

.60 

2.08 

.0000 

.0016 

.0016 

.20 

1  .0200 

.0000 

- 

51- 

52- 

81. 

1,000 

«, 

- 

- 

- 

- 

- 

- 

- 

- 

61" 

52* 

Efl9uent  colorless,  free  from  sediment,  and  generally  cldar. 
Total  effluent  to  end  of  month,  100,818  gallons. 
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Filler  TatUe  No.  S  —  Continued. 

JTOTember,  ISSS. 


ii 

Rksiduk  on 
Evaporation. 

AMMONIA. 

i 

NlTBOaSH  AS 

1  TEvro- 

'       ATCK. 

Datb. 

i 

1 

1 

i 

OQ 

1 

1 

s 
1 

1.         . 

2. 

8.         . 

4,         . 

6, 

8, 

T, 

8,         . 

10.         . 

11, 

12.         . 

13, 

14. 

15, 

18, 

17,  . 

18,  . 
19, 

20.         . 
21, 

22,  . 

23,  . 

24,  . 

25,  . 
28,         . 
27. 

28, 
29, 
80,         . 

1,000 
1,000 
1,000 

1,000 
1,000 
1,000 
1,000 
1,000 
1,000 

1,000 
1.000 
1,000 
1,500 
1,500 
1,500 

1,500 
1,500 
1,500 
1,500 
1,500 
1,500 

1,500 
1,500 
1.500 

1,009 

985 

993 

9S 

851 

1,017 

986 

997 

1,085 

1,123 

116 

847 

998 

991 

1,521 

1,477 

1.456 

113 

1,367 

1,418 

1,455 

1,409 

1,328 

1,483 

119 

1,521 

1,666 

1,246 

.44 

.58 
.40 
.60 

2.20 

2.06 

_ 

1.96 
2.00 

.0000 
.0000 
.0000 
.0000 

.0022 
.0030 
.0036 
.0032 

.0022 
.0030 
.0036 
.0032 

.23 
.23 

.21 
.26 

.0240 
.0250 
.0200 
.0220 

.0000 
.0000 

.0000 

1 
.0000  ' 

Th.dOm. 
6h.28m.! 

.       1 

-  1 

6h.24m. 

_       i 

1 

1 
1 

■    1 

1                il 

5r   ssr 

52*     52* 
'  61*    «• 

1  sar   sr 

52-'«- 

61'  !  S3' 

se\  tar 
sar   sr 

54*  48* 
48-1  4r 
48*  '  49* 

48*    48* 

47- 1  4? 
46*  45' 
4fl'|  43' 
43*    4? 

44-1  «• 

44'  42* 
44*  41* 
43*    4r 

EfQaeDt  clear  and  oolorleM,  and  generally  free  from  sediment. 

Kuv.  8.  —  Five  hundred  gallons  of  water  applied  disappeared  in  5  h.  48  m.  6.  — In  4  h.  44  n. 
7.  — In  5  h.  8.  — In  4  h.  10.  —  In  6  h.  23  m.  22.  —  One-elghth  Inch  of  ice  on  surface.  23.— One-fonrxh 
inch.   28.  — Out  let  closed  at  8.42  P.M.    River  high. 

Total  effluent  to  end  of  month,  190,493  gallons. 
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Filter  Tank  No.  5— Continued. 

Dcccmker,  1S88. 


13 
1 

ij 

Residcb  on 
Evaporation. 

, 

yiTltl>DEh'  A3 

760   Gallons   ap- 
plied remained 
on  Surface. 

Tkmpkr- 

ATURK. 

Datk. 

i 

1 

J 

i'i 

1 

s 

1 

•A 

m 

1 

J. 

1.600 

1,638 

. 

. 

- 

- 

- 

- 

- 

- 

43- 

48* 

2.         . 

- 

118 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

8,         . 

1,500 

1,209 

- 

- 

- 

- 

- 

- 

- 

- 

- 

42" 

43* 

4,         . 

1,600 

1.437 

.70 

1.06 

.0002 

.0034 

.0036 

.24 

.0200 

.0000 

- 

43* 

40* 

6.         . 

1,600 

1,452 

- 

- 

- 

- 

- 

- 

- 

- 

42* 

41* 

0, 

1,600 

1,380 

- 

- 

- 

- 

- 

- 

- 

- 

- 

iT 

41* 

7, 

1.600 

1,520 

- 

- 

- 

- 

- 

- 

- 

- 

- 

42* 

40- 

8, 

1,500 

1,486 

- 

- 

- 

- 

- 

- 

- 

- 

- 

42* 

41* 

ft. 

- 

137 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

10, 

1,600 

1,330 

- 

- 

- 

- 

- 

- 

- 

- 

- 

41* 

41- 

n, 

1.500 

1,436 

.72 

2.13 

.0004 

.0042 

.0046 

.28 

.0260 

.0000 

- 

41* 

40' 

12, 

1,600 

1,426 

- 

- 

- 

- 

- 

- 

- 

- 

- 

40* 

40* 

13, 

1,600 

1,431 

.68 

2.56 

.0000 

.0022 

.0022 

.22 

.0300 

.0000 

- 

40- 

zr 

14. 

1,500 

1,265 

- 

- 

- 

- 

- 

- 

- 

- 

- 

89* 

88* 

15, 

1,500 

1,450 

1      - 

- 

- 

- 

- 

- 

- 

- 

89* 

86* 

16,         . 

- 

128 

1      - 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

IT.         . 

1,500 

1,807 

- 

- 

- 

- 

- 

- 

- 

- 

40- 

8r 

18,         . 

1,500 

862 

.56 

2.36 

.0000 

.0028 

.0028 

.19 

.0290 

.0000 

- 

89* 

89* 

w. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

20, 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

21, 

- 

261 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

22, 

1,500 

1,167 

- 

- 

- 

- 

- 

- 

- 

- 

37- 

89* 

23.         , 

- 

120 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

24, 

1,500 

1,475 

.70 

2.55 

.0008 

.0044 

.0052 

.20 

.0300 

.0000 

- 

38- 

zr 

25, 

1,500 

1,532 

- 

- 

- 

- 

- 

- 

- 

- 

- 

38* 

zv 

26,         . 

1,500 

1,451 

- 

- 

- 

- 

- 

- 

- 

- 

- 

89* 

38* 

2T.         . 

1,600 

1,567 

- 

- 

- 

- 

- 

- 

- 

T 

6h.l8m. 

40* 

38* 

28, 

1,600 

1,419 

- 

- 

- 

- 

- 

- 

- 

- 

- 

39* 

40* 

29, 

1,600 

1,426 

- 

- 

- 

- 

- 

- 

- 

- 

- 

38' 

40- 

80.        . 

- 

106 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

81.        . 

1,600 

1,899 

- 

- 

- 

- 

- 

- 

- 

- 

- 

38- 

40* 

Effluent  colorless,  free  from  sediment  and  generally  clear. 

Dec.  1.  —  Outlet  opened  at  5.20  a.m.  14.  —  Five-eighths  inch  of  ice  on  surface.  16.  —  Ice  melting. 
19.— Three-eighths  Inch  of  ice  and  one-half  inch  of  frost  on  surface.  21.  — Surface  covered  with  ice; 
Hi  inches  of  frost.    18,  4.35  p.m.,  to  21,  7.51  a.m.  —  Outlet  dosed.    River  high. 

Total  effluent  to  end  of  month,  224,126  gallons. 
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Filter  Tank  No.  5— Continued, 

Imnntay,  ISS9. 


13 

RK8IDUB  ON 

Evaporation. 

AlCMOXIA. 

1 

;    KiTROOKS  AS 

1 

Lt 

,    TCXPM- 

Datb. 

iS 

i 

1 

OS 

g 

i  ' 

s 

5 

i  i 

1.  . 

2.  . 
8.         . 
4. 

6.         . 
6.         . 
T.        . 

8.  . 

9.  . 

10.  . 

11.  . 

12.  . 
18,         . 
14. 

15.         . 
18. 

17.  . 

18.  . 
19, 

20. 
21, 

22.  . 

23.  . 

24.  . 
25, 

26.         . 
2T.         . 
28.         . 
29, 
80. 
81, 

1,500 
1,500 
1,500 
1,500 
1.500 

1,600 
1.500 
1,500 
1,500 
1.500 
1,500 

1,500 
1,500 
1,500 
1.500 
1,500 
1,600 

1,500 
1,500 
l.«M) 
1,500 
1,500 
1,500 

1,500 
1,500 
1,500 
1,500 

1,450 
1,539 
1,583 
1,508 
1,002 
.249 
1,507 
1,547 
1,614 
1,550 
1,580 
1,580 

122 
1,396 
1.522 
1.561 
1,714 
1,548 
1,526 

128 
1,402 
1,527 
1,509 
1,637 
1,532 
1.678 

147 
1,504 
1,486 
1,626 
1,555 

.40 
.86 
.72 
.80 
.32 

2.40 
2.60 
2.32 
1.80 
2.24 

.0004 
.0002 
.0000 
.0002 
.0002 

.0042 
.0042 
.0040 
.0062 
.0038 

.0046 
.0(H4 
.0040 
.0064 
.0040 

.21 
.25 
.21 
.20 

.22 

1 

.0300 
.0300 
.0250 
.0250 
.0250 

.0000 
.0000 
.0000 
.0000 
.0000 

711. 
8h.25m. 

i 

7h.35m. 
7h.35m. 

1 

38* 

1 

zsr 

80* 

ss* 

ss- 

38* 

ss- 

ST 
SS* 

88* 
88* 
89' 
8S* 

ss- 

sr 
sr 

37 

sr 

ar 
sr 

87 

sr 

39* 

ar 
a* 

98* 

2ar 
ssr 
sr 

3sr 

«. 

33- 

38* 
«• 

Iff 

«• 

sr 

sr 

sr 
sr 
sr 

EfQnent  colorleu,  free  from  sediment  and  generally  clear. 

Jan.  2l.~The  second  750  gallons  applied  filled  the  Unk.    22. —  No  frost  In  tank,  bat  oonsidenble 
ice  and  snow  on  surface.    26  and  29.  —  No  frost  in  tank. 
Total  efQucnt  to  end  of  month,  260,585  gallons. 
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Filter  Tanh  No  5— Continued. 


P 

1 
V 

RssionB  ov 

EVAFO  RATIOS. 

• 
Ammonia. 

i 

NlTROaSM  A8 

-i. 

Trmpkb- 

▲TL-RB. 

Datb. 

i 

i 

1 

-< 

1 

S 
g 

g 

«J 

1. 

a, 

8, 

4» 

6. 
6. 
T, 

». 
10, 
11. 
12. 
13, 
14, 

15,  . 

16,  . 
17, 

18, 

19.          . 

20. 

21.         . 

22, 

23,      ■    . 

24, 

25, 

26, 

2T.         . 

28,         . 

1,500 
1.500 

1,500 
1.500 
1,500 
1,500 
1,500 
1,500 

1,450 
1,450 
1,500 
1,500 
1,500 
1,600 

1,500 
1,500 
1,500 
1,500 
1,500 
1.500 

1,500 
1,500 
1,500 
1,500 

1,621 
1.502 

160 
1,381 
1,626 
1,405 
1,461 
1,411 
1.500 

138 
1,301 
1,475 
1,422 
1,515 
1,528 
1,706 

240 
1,420 
1,542 
1,482 
1.480 
1.550 
1,450 

156 
1,203 
1,488 
1.438 
1.580 

.64 
.55 
.35 
.70 

2.12 
2.85 
2.15 
2.00 

.0002 
.0002 
.0004 
.0004 

.0024 
.0030 
.0040 

.0046 

• 

.0026 
.0032 
.0044 
.0050 

.23 
.22 
.23 

.22 

-    1 
1 

.0250 
.0250 
.0200 
.0270 

.0000 
.0000 
.0000 
.0001 

1 

-     i 

1 

8h.l8in 

S8« 
87* 

36" 
87* 
87- 
86* 
86- 
86- 

86* 
86' 
86* 
37* 
86» 
36* 

8«* 
36- 
86- 
86- 
37- 
36- 

86- 
35' 
36* 
36- 

sr 

36' 

36* 
36* 

zer 

36* 
36* 
35- 

S6- 
35* 

35* 
34- 
35* 

86» 
35- 
35* 
35- 
36. 
36- 

36* 
35« 
35' 
35' 

Efflaent  clear  sod  colorlefis,  and  generally  free  from  sediment. 

Feb.  Sand  17.  — Ice  melting  on  surface.    5  and  7.  — No  frost  in  tank.    11  and  12.  — The  quantity 
applied  filled  the  tank. 

Total  effluent  to  end  of  mouth,  303,171  gallons. 
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FILTRATION  OP  WATER. 


Filter  Tank  No.  5— Continued. 

March,  IM*. 


1. 

1^ 

Rrsidcb  on 
Evaporation. 

Ammonia. 

1 

KITBOOKN  Afl 

II 

00  o 

III 

TEMris- 

ATL-RE. 

DATS. 

|| 

1 

1 

is 

< 

'i 

1 

^ 

1  ^ 

*-*         1 
BE        1 

1»           . 

2. 

8,         . 

4, 

6. 

6, 
T, 
8. 
0. 

10,  . 

11.  . 
12, 

IS,         . 

14. 

16, 

18. 

17,         . 

18, 

1».         . 

20,  . 

21.  . 
22, 

23,  . 

24.  . 
25, 

26, 

• 

27,        . 

28, 

20, 

80, 

81,         . 

1,500 
1,500 

1,600 
1,600 
1,500 
1,600 
1,600 
1,600 

1,600 
1,500 
1,600 
1,600 
1,500 
1,600 

1,500 
1,500 
1,500 
1,600 
1,600 
1,500 

1,600 
1,600 
1,600 
1,500 
1,450 
1,500 

1,626 
1,601 

169 
1,360 
1,540 
1,673 
1,651 
1,694 
1,617 

220 
1,367 
1,511 
1,668 
1,684 
1,601 
1,650 

309 
1,317 
1,3« 
1,422 
1,462 
1,718 
1,692 

272 
1,311 
1,384 
1,469 
1,472 
1.624 
1,685 

284 

.80 
.80 
.44 
.44 

2.85 
2.66 
2.26 
2.62 

.0002 
.0002 
.0002 
.0002 

.0032 
.0038 
.0022 
.0028 

.0034 
.0040 
.0024 
.0030 

.21 
.22 
.22 
.20 

.0300 
.0230 
.0230 
.0260 

.0000 
.0000 
.0000 
.0000 

1 
0 

1 
IK 

0 
0 

1   1 

1 : 

sr    sr 

1 
86"  j  sr 

86*     88' 

36*   sr 
sr'sr 
36-   sr 
sr   sr 

sr   sr 

sr   sr 

sr ;  sr 

sr '  sr 

87" :  4(r 

1 
sr   4r 

sr   sr 
sr,sr 
7^  ar 
srisr 

vr  sr 

sr|4r 

srJ4r 

sr    43* 
sr    43* 

«:r 

8r'43' 
sr    43* 

"l" 

Effluent  colorless,  and  generally  clear  and  free  from  aedlraent. 

March  2.  —  First  600  gallons  of  water  applied  disappeared  in  6  h.  10  m.    6.  ~  Third  500  gallou  in 
12  h.  40  m.    20.  —  Quantity  applied  filled  tanlc. 
Total  effluent  to  end  of  month,  344,016  gallons. 
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FiUer  Tank  No.  S— Continued. 

Ai»ril,  188». 


1 

It 

IlKfllDUC  ON 
EVAPOKATlUN. 

AXXOKIJL. 

J 

KiTROOBX  AS 

11 

ill 

1^- 

Tkmpbb- 

ATCKB. 

DATS. 

g 

SI 

1 

in 

ia 

1 

1 

i 

s 

i 

«i 

1, 

1,500 

1.262 

- 

- 

_ 

«  • 

- 

. 

- 

- 

. 

39- 

43- 

2. 

1.600 

1.73fl 

.80 

2.05 

.0004 

.0038 

.0042 

.17 

.0260 

.0000  1 

" 

39* 

41* 

3,         . 

1.600 

1.410 

- 

- 

- 

- 

- 

- 

- 

- 

0 

39- 

41* 

4, 

1.500 

1.496 

- 

- 

- 

- 

- 

- 

- 

- 

'A 

39- 

41* 

6, 

1.500 

1.588 

- 

-      1 

- 

- 

- 

- 

- 

- 

- 

39* 

41* 

6. 

1,600 

1.701 

- 

- 

- 

- 

- 

- 

- 

- 

H 

39* 

42- 

7. 

- 

280 

- 

'    - 

- 

- 

- 

- 

- 

- 

0 

- 

- 

8, 

1.500 

1.236 

- 

- 

- 

- 

- 

- 

- 

-    ' 

- 

40' 

43' 

9. 

1.500 

1.374 

.36 

2.45 

.0004 

.0042 

.0046 

.17 

.0200 

.0000  1 

0 

40- 

44^ 

10, 

1,500 

1,50Q 

- 

- 

- 

- 

- 

- 

- 

-    1 

- 

41* 

45* 

". 

1.500 

1,615 

- 

- 

- 

- 

- 

- 

- 

- 

41- 

47* 

r^ 

1,500 

1,526 

- 

- 

- 

- 

- 

- 

- 

0 

41- 

48* 

13,         . 

700 

1,076 

- 

- 

- 

- 

- 

- 

- 

- 

0 

41* 

49* 

14. 

- 

85 

- 

- 

- 

- 

- 

- 

- 

- 

0 

- 

- 

15,         . 

1,500 

1,271 

- 

- 

- 

- 

- 

- 

- 

- 

- 

42« 

49- 

16,         . 

1,600 

1,367 

.30 

2.70 

.0004 

.0064 

.0063 

.16 

.0290 

.0001  ' 

0 

42- 

60* 

17, 

1.500 

1.379 

- 

- 

- 

- 

- 

- 

- 

0 

42* 

sr 

18, 

1,450 

1,612 

- 

- 

- 

- 

- 

- 

- 

- 

1 

43* 

bor 

19, 

1,500 

1,819 

- 

- 

- 

- 

- 

- 

- 

- 

1 

45- 

50- 

20,         . 

1,500 

1,673 

- 

- 

- 

- 

- 

- 

- 

- 

0 

46- 

52- 

21,         . 

- 

160 

- 

- 

- 

- 

- 

- 

- 

- 

0 

- 

22, 

1,500 

1,226 

- 

- 
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Efflaent  colorless,  and  generally  dear  and  free  from  sediment. 

April  10  and  11.  — A  lillle  water  on  surface  in  the  morning.    15.  — First  500  gallons  applied  dis- 
appeared in  5  h.  30.    22.  —  Tn  4  h.  55  m. 

Total  effluent  to  end  of  month,  882.974  gallons. 
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Effluent  eolorlesB,  and  (generally  clear  and  free  from  sediment. 
May  10. — First  500  gallons  of  water  applied  disappeared  In  6  h.  8  m. 
Total  effluent  to  end  of  month,  423,889  gallons. 
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Filter  Tank  No.  8  —  Continued. 
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Bfflaent  clear  and  colorlefls,  and  free  from  sediment. 

June  1. — First  600  gallons  of  water  applied  disappeared  In  5  h.  45  m. 

Total  effluent  to  end  of  month,  460,823  gallons. 
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Filter  Tank  No.  5  —  Continued. 

Mmlj,  188». 


1 

Kesidcr  o» 
Evaporation. 

'           Ahhoxu. 

i 
1 

NtTBOOBH  AS 

AOO    Qalloni   ap- 
plied   n>in«lned 
on  Surface. 

Tbmpm- 

ATCta. 

Djltb. 

]i 

1 

;    ^ 

1 

c 

< 

1 

1 

i 

5 

V5 

1, 

1,500 

1,280 

- 

- 

1    - 

- 

. 

. 

- 

69-    7r 

% 

1.500 

1,347 

.80 

2.60 

.0006 

.0054 

.0060 

.18 

.0300 

.0000 

1 

Vr    75* 

8. 

1,500 

1,448 

. 

- 

- 

1 

, 

- 

- 

tsr   7y 

4t 

1.506 

1,584 

- 

- 

- 

- 

- 

- 

- 

- 

- 

tsr    - 

6. 

1,500 

1,489 

- 

- 

- 

- 

- 

- 

- 

- 

- 

9Sr     74' 

6, 

1.500 

1,546 

- 

- 

- 

- 

- 

- 

- 

- 

- 

70'     74* 

7, 

- 

180 ; 

- 

- 

1 

- 

- 

- 

- 

■     i 

" 

-     - 

8, 

1,600 

1,820 

- 

- 

1 

- 

- 

- 

- 

ee*    7r 

0. 

1,500 

1,405 

.52 

2.68 

.0008 

.0064 

.0072 

.18 

.0300 

.0000 

- 

ee*   'X 

10,        . 

1,500 

1,410  1 

- 

- 

1       - 

- 

- 

- 

- 

Wt     77 

11, 

1,500 

1,543' 

- 

_ 

- 

- 

- 

- 

- 

- 

- 

68*    7r 

70-     70* 

12. 

1.500 

1,533 

- 

i       . 

1 

- 

- 

" 

- 

- 

- 

13. 

1,500 

1,551  i 

- 

- 

- 

- 

- 

- 

- 

- 

71'     71* 

14, 

- 

120 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1 

15. 

1,500 

1,427 

- 

- 

- 

- 

- 

- 

- 

- 

' 

^  70'    Tif 

16. 

1.500 

1.4661 

.72 

2.24 

.0008 

.0062 

.0070 

.18 

.0260 

.0000 

- 

•  7(r    TO* 

17. 

1,500 

1,701 

- 

- 

- 

- 

- 

- 

- 

-c  :r 

18. 

1,500 

1,585 

- 

- 

- 

- 

- 

- 

~ 

- 

- 

70*    TO* 

19. 

1,500 

1,480  ' 

- 

- 

- 

- 

- 

'      - 

- 

- 

- 

70-    71* 

20, 

1,500 

1,812 

- 

- 

- 

- 

- 

- 

- 

- 

- 

7<r  :r 

21, 

- 

150 

- 

- 

1      - 

- 

- 

- 

1      - 

- 

- 

'  -     - 

22, 

1,500 

1,274 

- 

- 

- 

- 

- 

- 

- 

;4h.55in. 

;  7(r   :r 

23, 

1,500 

1,536 

;     .60 

2.40 

.0008 

.0042 

.0050 

.20 

,   .0220 

.0000 

- 

70-  :r 

24, 

1,500 

1.473 

- 

- 

'      - 

- 

- 

- 

- 

- 

- 

70=    iv 

25,          . 

1,500 

1,430 

- 

- 

- 

- 

- 

- 

- 

"    1 

70*    7r 

26. 

1,500 

1,458 

- 

- 

- 

- 

- 

- 

- 

70-  7r 

27, 

1,600 

1,580 

'      - 

- 

- 

- 

- 

- 

- 

- 

- 

69-    73' 

28. 

- 

210 

1      - 

_ 

- 

- 

- 

- 

- 

- 

- 

-       - 

29, 

1.500 

1,303 

'      - 

. 

- 

- 

- 

- 

- 

70'    72* 

30, 

1,600 

1,513 

.84 

2.66 

.0010 

.0042 

.0052 

.16 

.0200 

.0000 

- 

70-    Tf 

81.         . 

1,600 

1,647 

1 

- 

1 
1 

- 

- 

- 

- 

- 

j 

70-    TT 

Effluent  clear  and  colorless,  and  free  from  aedlment. 
Total  effluent  to  end  of  month,  501,584  gallons. 
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Filler  Tank  No.  5— Continued. 
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EfSuent  clear  and  colorless,  and  free  from  sediment. 
Total  effluent  to  end  of  month.  641.175  gallons. 
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Fitter  Tank  No.  8  —  Continued. 

SmU,  1M». 


1 

k 

li 

<y 

EVAPO  RATIO!!, 

Ammoxia. 

i 

o 

g 

NiTROCBH  AS 

500    Qallons  ap- 
plied   rvnialned 
on  Surface. 

TBMrSB- 
ATTEK. 

Datb. 

ii 

^     1 

,  1 

•6 
1 

is 

< 

1 

s 

1 

i 

t!  1 

1, 

1,500 

l,wl 

^ 

- 

^ 

- 

- 

- 

- 

- 

- 

(sr    ',c 

2.         . 

1,600 

VMl 

.80 

3. en 

.0006 

.0054 

.0060 

.18 

.0300 

.0000 

~ 

flP*     T5* 

8. 

1,500 

\,m 

- 

- 

1      - 

- 

- 

- 

- 

- 

ee*   75' 

4, 

1,506 

\m 

-- 

- 

- 

- 

1 

- 

- 

- 

- 

w    - 

6. 

1,600 

l,4iiM) 

- 

- 

- 

- 

- 

- 

- 

- 

w   rr 

6, 

1,600 

l,64f5 

- 

- 

- 

- 

- 

- 

- 

- 

- 

70*   :r 

7, 

- 

l»o' 

' 

- 

- 

- 

- 

- 

- 

- 

- 

1  "     ' 

8. 

1.500 

l,];'ji) 

- 

- 

- 

- 

- 

- 

- 

- 

1  9r   -r 

ft. 

1,500 

1,4f^"i 

.^ 

ft*ea 

,0008 

.0064 

.0072 

.18 

.0300 

.0000 

- 

9r     74' 

10. 

1.500 

\i\^\ 

• 

- 

- 

- 

- 

- 

- 

tSr     73* 

11, 

1,500 

\,m 

* 

- 

- 

- 

- 

- 

- 

- 

- 

»•    7:- 

12, 

1,500 

l.i5U 

- 

- 

1 

- 

- 

_ 

- 

- 

- 

70*     711* 

13. 

1,500 

1,*61  1 

- 

- 

- 

- 

- 

- 

- 

1 

71-   :v 

14, 

~ 

m^ 

- 

- 

~ 

- 

- 

- 

1 

- 

1    - 

-    - 

15. 

1,600 

1.*-^ 

- 

« 

- 

- 

- 

- 

- 

1    - 

70'     70' 

10. 

1,500 

l,4flfl 

.n 

ft.2i 

.0008 

.0062 

.0070 

.18 

.0250 

.0000 

- 

7(r     70* 

n,      . 

1,500 

- 

- 

- 

- 

- 

- 

1      - 

- 

70*     70* 

18. 

1,500 

\,mh 

- 

- 

1   " 

- 

- 

- 

- 

- 

7(r     70- 

10. 

1.500 

1,48TJ 

* 

- 

- 

- 

- 

- 

- 

- 

1   70-     71* 

1 

20, 

1,500 

i,%s;i 

- 

- 

- 

- 

- 

- 

!      - 

- 

- 

7(r   :v 

21, 

- 

Irni 

- 

- 

- 

- 

1   - 

1      - 

- 

- 

'  1  " 

22. 

1,500 

1.274 

,    - 

- 

- 

- 

- 

- 

4h.55m. 

70*     71- 

23, 

1,500 

Ipfpriil 

.DO 

S.40 

,ooos 

.0042 

.0050 

.20 

.0220 

.0000 

- 

70*     7* 

24, 

1,500 

1,4T3 

- 

- 

[ 

_ 

- 

- 

- 

- 

70-     74' 

25, 

1,500 

T,13t( 

- 

- 

1    - 

- 

- 

- 

- 

" 

70*     74* 

26, 

1.500 

n4&B 

- 

« 

- 

- 

- 

- 

- 

- 

70-     7? 

27, 

1.500 

1,hM'> 

- 

- 

' 

- 

- 

- 

- 

- 

- 

66-     73* 

28, 

- 

21 Q 

" 

- 

- 

- 

- 

- 

- 

1        - 

-       - 

29, 

1.500 

l,m 

i 

- 

- 

- 

- 

- 

- 

70-   :r 

30, 

1,500 

IfGlS 

.S4 

2.ae 

.mi  10 

.0042 

.0052 

.16 

.0200 

.0000 

- 

70*    7r 

31, 

1,500 

1.547 

1 

' 

1 

- 

- 

- 

- 

- 

1 

_'.: 

Effluent  clear  and  colorleAS,  and  free  from  aediment. 
Total  effluent  to  end  of  month,  601,584  (^Uods. 
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FiUer  Tank  No.  9— Continued. 


1. 

it 

Brsiduk  on 
Evaporation. 

Ammonia. 

1 

1 

1    NlTRO«KN  AS 

Tbmpbb- 

ATURK. 

Datk. 

|i 

1 

1 

-0 

^ 

1 

S 

i 

1 

1.  • 
2.- 
3,. 
4.. 
*.  . 

«.. 
«.. 

10.. 
11,. 
12.. 
13.. 
14.. 
15.. 
1«,. 
17.. 
18,. 
M.. 
20.. 
21,. 
22.. 
23,. 
24,. 
23.. 
26.. 
27,. 
28,. 
29.. 
30.. 
81,. 

» 

1 

l.&OO 
1,600 

1  1,500 

!    " 

1.500 

'  1,500 
1,500 
1,500 

!  1,500 

1  1,600 

1 

'  1,500 

,1,500 

' 1.500 
1 
1,500 

.1,500 

1,500 

1,500 
1,500 
1  1,500 
1,500 
1,500 
1,500 

1,600 
1,500 
1.600 
1,600 
1,500 
1,500 

1.565 
1.474 
1,462 

140 
1.327 
1.452 
1.409 
1.421 
1,401 
1,440 

140 
1,239 
1,881 
1,648 
1,603 
1,488 
1.503 

130 
1.304 
1,473 
1,427  , 
1,439! 

.^; 

1.536  1 
145 
1.283 
1,442 
1,476 
1,490 
1,521 
1,493 

1 

1     - 
1.12 

1.45 

2.12 

1   - 

1 

i 

■      1 
2.44  ' 

1 
2.00 

2.88 

- 

.0000 
.0002 

.0002 

1      ~ 

1 

1 

.0002 

.0048 
.0060 
.0052 
,0038 

.0064 
.0062 
.0064 
.0040 

1 

1 

1 

.20 

1      > 
.18 

.20 

1 

1   - 

1 

! 

1     - 
1     . 
1 

.0250 
.0250 

.0200 

1 
.0250 

.0000 
.0000 
.0000 
.0000 

- 

69- 
69- 
W 

«. 

69' 
69° 
69* 
69* 

68* 
68- 
68* 
68- 
68« 
68* 

67" 
68* 
68- 

6r 

67* 
67- 

68- 
68- 
68* 
65* 
68* 
68* 

72* 
73* 
73* 

78* 
72- 
72* 
72- 
72* 
72* 

71* 

n* 

70* 
69* 
68» 
68- 

60* 
68* 
68* 
70» 
70- 
71* 

70* 
70* 
70* 
70* 
71* 
71* 

Effluent  clear  and  colorless,  and  free  from  sediment. 
Total  efflaent  to  end  of  month.  641.175  gallons. 


Digitized  by 


Google 


644 


FILTRATION  OF  WATER. 


Filter  Tarik  No.  S— Continued. 


P 

^1 

RB8IDDB  OK 
EVAPOKATIOM. 

Ammokia. 

Chlorine. 

K«T«H,«A8|^5;r- 

Datb. 

i 

1 

1 

1 

< 

^ 

i 

i 
i  1 

1. 
2. 
8. 
*. 

8. 

10, 
11, 
12. 
18, 
14> 
16. 
16, 
17. 
18, 

w. 

20. 
21. 
22, 
23. 
24, 
25, 
26. 
27, 
28, 
29, 
80, 

1,600 
1,600 
1,600 
1,600 
1,600 
1,600 

1.600 
1,600 
1,600 
1.600 
1,600 
1,600 

1,600 
1,500 
1,600 
1.600 
1.600 
1,600 

1.600 
1,600 
1.600 
1,600 
1,500 
1,600 

1,500 

145 
1,284 
1,444 
1,404 
1,476 
1,809 
1,450 

140 
1,220 
1,431 
1.492 
1,402 
1,439 
1,640 

154 

1,314 ; 

1.434. 
1.393 
1.517 
1,463 
1,616  1 

162 
1,251, 
1,423 
1,470 
1,607 
1.480 
1,488 

207 
1,233 

.80 

1.16 

.80 

.90 

.70 

8.00  ' 

_      1 

8.12 

3.80 

-      i 
1 

2.50 

- 
3.50 

.0000 

.0004 

.0012 

.0002 
.0002 

.0040 

** 

,.0058 

.0060 

.0054 
.0044 

.0040 

.0062 

.00T2 

.0056 
.0046 

1 
.22 

- 

.    1 

1 

.25 

.26 

.25 
.28 

.0270 

.0280 

.0320 

.0200 
.0170 

.0000 

■# 
_ 

.0000 
.0000 

.0000 

1 

1 

.0000 

68" 
68" 
68" 
68* 

er 
v 

68- 

"• 

er 
er 

cr 

1 

I 

er  1 

66* 
66- 

65* 
65' 
M- 

63" 

1 

63* 
62- 

j 
62* 

71* 
7T 
71* 
71* 
71* 
72- 

88' 

70- 

6r 
es- 

fff 

:if 

70* 
69* 
67 

er 
& 

er 
er 

Effluent  clear  and  colorlesB.  and  free  from  sediment. 
Total  effluent  to  end  of  month,  677,703  gallons. 
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Filter  Tank  No.  ^—Continued. 

October,  188f>. 


1. 
2, 
3. 
4. 

«. 
0. 

10. 

11. 

12, 
13. 
14. 
15, 
16. 
17. 
18. 
19. 
20, 
21. 
22. 
23, 
24. 
25. 
26, 
27. 
2«, 
29. 
30, 
31, 


Datb. 


Si 


I  1,600 

1,500 

I 

j  1,500 

{1,500 

1,500 

'  1.500 
'  1,500 
1,500 
1,500 
1,500 
i;500 

1,500 
1,500 
1,500 
1.500 
1,500 
1,500 

1,500 
1,500 
1,500 
1,500 
1,500 
1,500 

1,500 
1,500 


RK8IDUK  ON 
EVAPOSATION. 


1,500 
,1,500 


1,367 
1,408 
1,411 
1,528 
1,470 

242 
1,260 
1,405 
1,482 
1,469 
1,461 
1,606 

298 

990 
1,424 
1,515 
1.324 
1,515 
1,587 

270 
1,060 
1,522 
1,447 
1,479  ! 
1,546 
1,507 

240 
1,159 
1,465 
1,493 
1,523 


§1 

I' 


1.20 


1.50 


1.90 


1.60 


2.50 


2.40 


2.50 


Ammohia. 


.0002 


.0002 


.0008 


g 
50 


.0040 


.0062 


.0066 


.0040 


.0076 


.0064 


.0074 


.21 


.21 


MiTBOOBH  A8 


.0180 


.0160 


.21 


.0140 


I 
Hi 


.0000 


.0000 


.0000 


.0000 


Tkmpbb- 

TUBB. 


61* 

5r 

51* 
51* 


6r 

61* 
60* 


Mr 

58* 
5«* 
5«* 
65* 


63* 
63* 
64* 
63* 


53» 

br 

52* 
61* 
49* 
60« 

52* 

6r 
sr 
6r 


Bffluent  clear  and  colorless,  and  free  from  sediment. 

Oct.  15.  — Surface  half  covered  with  water  In  the  morning,    22,  29  and  30.  —  All  covered. 

Total  effluent  to  end  of  month,  617,191  gallons. 
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Fmer  Tank  No.  ^—Continued. 

HoTeoilMr.  ISM. 


<9    . 

P 

Rkbidcb  oh 
Evaporation. 

Ammomia. 

i 

NiTROOEM  AS 

11 

Ifl 

Texfu- 

ATUBK. 

DATS. 

|1 

i 

1 

a 

09 

?4 

S^ 

1     . 

1. 

2. 

8,         . 

4,         . 

6,  . 
6, 

7,  . 

8,  . 

10, 

11.  . 

12.  . 

13.  . 

14.  . 

16.  . 
16. 

17.  . 
18, 

19. 

20, 

21,         . 

22, 

23, 

24,         . 

26,         . 

23.         . 

27, 

28. 

29, 

80, 

1,500 
1,600 

1,500 
1,500 
1,500 
1,500 
1,500 
1,450 

1,500 
1,300 
1,360 
1,500 
1,000 
1,000 

1,600 
1,500 
1,500 
1,500 
1,460 
1,500 

1,500 
1,500 
1,600 
1,400 
1,500 
1,500 

1,419 

1,658 

330 

999 

1,268 

1,531 

1,049 

1,230 

1,617 

437 

846 

1,288 

1,162 

1,857 

913 

959 

192 

1,161 

1,272 

1,425 

1,432' 

1,406 

1,478 

397 

816 

1,419 

1,706 

1,618 

1,523 

1,304' 

.90 

1.30 

.60 

j 

1 
2.90 

2.30 

1 

2.60 

.0008 
.0002 
.0002 

.0002 

1      . 

1 

.0072 
.0058 
.0058 
.0060 

.0080 

1 

.0060 

^   1 

.oow  1 

- 

.0068 

.21 

.21 

- 
.22 

.22 

.0140 
.0110 

.0190 

j      - 

!  - 

!  - 

.0140 

.0000 
.0000  1 

.0000 

j 

.0000  ' 

1 

1 

"  1 

t 

i    . 

2 

1 

0 

51*     51* 

62-  '.  iV 

1 

61*     S? 

51'     50- 

51'     51' 

51'  .  49* 

1 
50-     49* 

51'    49" 

50-    *r 

51' 1  «• 

1 

SC.  51* 

.  49-     iff 

1 

49*     50" 

45*    i7 
4S'    iT 
49-     47 
4r     48* 
4r    48* 
46-     49" 

AT   4r 

47'    47 
46*    45' 
4r     44' 

46'     44' 
45'  1  44' 

EflSuent  clear  and  colorlese,  and  free  from  eediment. 

Nov.  5,  7,  9, 13,  20  to  23,  26  and  27.  — Surface  covered  with  water  in  the  morning, 
covered. 

Total  effinent  to  end  of  month,  653,862  gallons. 


lO.-PWtlj 
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Filter  Tank  No.  5— Concluded. 

Deeeaiber,  ISS*. 


'o. 

p 

11 

Residuk  on 
Evaporation. 

1           Ammonia. 

1 
1 

I  NITBOQKH  A8 

Tbmpbk- 

1       ATURK. 

DATS. 

ii 

i 

1 

1 

1 

< 

^ 

1 

i 
s 

55 

1 

1 

1.. 

2..        . 

«.. 

^• 

6,. 

«.. 

7..        ■ 

8,.        , 

«.. 
10,. 
11.. 
12.. 
18,. 
M,. 
16,. 
16.. 
IT.. 
18.. 

w.. 
ao. . 

21,. 
22.. 
28.. 
24,. 
25,. 
2«.. 
27,. 
28.. 
29.. 
80,. 
81.. 

• 

1.500 
1,450 
1.350 
1,500 
1,500 
1,500 

1,500 
1,500 
1,350 
1,400 
1,300 
1.250 

1,400 
1,450 
1,460 
1,500 
1.500 
1,500 

1,500 
1,800 
1,200 
1.250 
1,250 
1,200 

1,500 
1.350 

325 

024 

1.291 

1,817 

1.504 

1,854 

1,547 

247 

1,151 

1,302 

1.281 

1,252 

1.272 

1.'232 

288 

1,070 

1,400 

1,456 

1,574 

1,860 

1,453 

847 

070 

1,137 

1,268 

1,148 

1,113 

1,230 

430 

065 

1.229 

1.40 

1 

1 

1 

1 

1 
1 

1      . 

1 

1 
1 

.00 

1    - 

1  - 
!  . 

1   . 
1  - 

1 

.00 

2.60 
2.20 
8.10 

.0002 
.0012 
.0000 

.0006 

1      ] 
.0006 

.0050 
.0100 
.0044 
.0055 
.0054 

1 
.0052 

.      1 

-  1 

.      1 
1 

1 

-  1 

.0112  1 

1 

■      i 

-  1 

-  1 

.0044 

.0060 

1 
1 

"      1 
.0060 

.21 
.18 
.10 

.10 

- 

.18 

1 

1 

.0180 

1 

1      „ 

1 

1      - 
.0180 

- 

1      . 

1 

J  .0100 

1  \ 

i 
1 

1   - 

1   .0200 

.0100 

1 

.0000 

.0000 

1 

-  1 

-  1 

.0000  1 

! 

.    1 
.0000  ; 

-  1 

.0000 

.  1 

45* 

45* 
43* 
43- 
44' 
43* 

43* 
42* 
43* 
42- 
43* 
42- 

42- 
42* 
42- 
43* 
42* 
42* 

41* 
41' 
41* 
42* 
41* 
42* 

41- 
42* 

44* 

43* 
43- 
42* 
41* 

41* 

43* 
48- 
43* 
43" 
42- 
42* 

42* 
30* 
30* 

sr 

88- 
40* 

41* 
40* 

41* 
41* 
41* 

40* 
40* 

Efflnent  clear  and  colorless,  and  free  from  sedlmcDt. 

Dec.  3.  — Surface  covered  with  water  in  the  morning.    4.  — Water  on  surface  frozen  to  a  depth  of 
half  inch.  « 

Total  efflaent  to  end  of  month.  687,000  gallons. 
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FILTER    TANK    No.  20. 


Filter  Tank  No.  20  was  one  of  the  galvanized  iron  tanks  in  the 
building,  having  an  area  of  one  twenty-thousandth  of  an  acre. 
The  bottom  was  covered  with  a  layer  of  stones  which  were  about  one 
inch  by  two  inches  ;  these  were  covered  with  coarse  gravel,  and  this 
by  finer  gravel,  making  a  depth  of  stones  and  gravel  of  three  and 
a  half  inches.  Above  this  the  tank  was  filled,  a  depth  of  five  feet 
and  three  inches,  with  clean,  coarse  mortar  sand,  like  that  of  Tank 
No.  1.  The  top  of  the  sand  was  then  ten  and  a  half  inches  from 
the  top  of  the  tank. 

Immediately  after  this  tank  was  filled,  water  passed  through  it, 
when  kept  six  inches  deep  upon  the  surface,  at  the  rate  of  300,000,- 
000  gallons  per  acre  per  day.  A  month  later,  with  water  kept 
from  one  to  two  inches  deep  upon  the  surface,  it  flowed  through  at 
the  rate  of  50,000,000  gallons  per  acre  per  day. 

From  July  27,  1888,  to  November  7,  the  quantity  of  water 
applied  to  this  filter  averaged  224  gallons  per  day,  or  the  equivalent 
of  4,480,000  gallons  per  acre  per  day.  About  17  gallons  were 
applied  in  each  hour,  from  six  in  the  morning  till  nine  at  night, 
omitting  three  hours  when  the  men  were  at  their  meals. 

This  quantity  generally  disappeared  from  the  surface  within  ten 
minutes  of  the  time  of  application.  In  the  following  seven  months 
one-half  of  the  above  quantity  was  applied  in  a  similar  manner, 
averaging  2,200,000  gallons  per  acre  per  day. 

Tables  of  analyses  and  observations  upon  this  filter  are  given  si 
the  end  of  this  section,  and  the  same  results,  together  with  those 
upon  the  applied  water,  are  graphically  presented  in  a  diagram  fol- 
lowing the  tables. 

The  monthly  averages  of  results  of  analysis  of  the  applied  water 
and  of  the  efliuent,  together  with  the  number  of  bacteria  found  in  a 
cubic  centimeter  of  each,  are  given  in  the  following  table :  — 
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Monthly  Averctges  of  Daily  Results  with  Tank  No.  20. 


DATS. 


July  27-31, 
July  27-31, 


Aogaat, 
September, 
October,     . 
November, 
December, 

Jftnuary,    . 
February,  . 
March, 
AprU. 
May,  . 
Juwe  1-11,. 


City  water, 
BfflueDt,  . 
Per  cent., . 

Citv  water, 
Effluent,  . 
Per  cent., . 

City  water, 
EfQuent,  . 
Per  cent., . 

City  water, 
Effluent,  . 
Per  oent., . 

City  water, 
EfQuent,  . 
Per  cent., . 

City  water, 
Effluent,  . 
Per  cent., . 


1  City  water, 
!  EtHuent,  . 
'  Per  cent., . 

City  water, 
Emuenl,  . 
Per  cent., . 

Citv  water. 
Effluent,  . 
,  Per  cent., . 

City  water, 
Effluent,  . 
Per  cent., . 

City  water, 
Effluent,  . 
I  Per  cent., . 

1  City  water, 
(Effluent,  . 
I  Per  cent., . 


a   .  ![  RK8IDUK  ov 
g  C  J  EVAPORATIOM. 


216 


231 


213 


228 


108 


I-' 


1.04 
0.82 
79 

1.94 
1.44 
74 

1.55 
0.8« 
55 

1.45 
1.28 


1.29 
1.21 
94 

1.0« 
1.16 
109 


1.04 
1.03 
99 

1.01 
0.91 
90 


91 


124 


110 


.87 


;  1^09 

1.06 

I  97 


2.80 
2.74 


2.37 
2.42 
102 

2.97 
3.28 
110 

2.50 
2.66 
106 

2.83 
2.75 
97 

2.85 
2.61 
92 


Ammonia. 


,• 

1 

i 

^ 

1  1 

g 

.0012 
.0008 


67 


.0120 
.0085 


71 


70 


.0007 i 
.0008, 


.0112 


|87 


.0012' 
.0003, 


70 


.0118 
.0083 


.0012 
.0006 


100 


.0006 
.0005 


86 


.0008 
.0009 


112 


90 


71    .0003 
62  I   .0004 

,133 


2.66  li   .0007 

2.67  ll   .0002 
100 


1i  29 


85  I   .0012 

,77  ll   .0003 

1  25 

l| 
,50  I   .0008 
56  i|   .0005 


3.14 
129 


1.40   2 
I  1.30 '  5. 

93   1227 


.0004 
.0007 

im 

.40  ll   .0008 

46  ,   .0029 

i362 


.0144 
.0131 


.0114 
.0098 


.01321 
.0093 


.0119, 
.01061 


.0130 
.0086 


.29 


66 


.0156, 
.0137 


.0119, 
.0103' 


87 


.0002 
.0083 


73 


.0099 
.0072 


.0084 
.0064 


76 


73 


72 


.0089 
.0064 


74 


.0095 
.0070 


.0106 
.0095 


.0110 

.0110 

100 


.oioo; 
.0002; 


.0102'  . 
.0076  I  . 


.0091  i  I 
.00661, 


.23 
.0067' I  .22 


.0101,1 


.0103 
.0075  ' 

73    |! 

.0110' 
.0102 


.0118 
.0139 

118    I 


.0220 
.0236 


.0225 
.0226 


.0225 


.0222 
.0267 


.0260 
.0287 


.0260 
.0254 


.0232 
.0240 


.0225 

.0227 


.16  '  .0172 
.16!  .0178 


.1411.0127 
.14,  .0126 


.l.^i  .0175 
.151  .0160 


.0000 
.0000 


.0000 
.0000 


.0000 
.0000 


.0000 

.0000 


.0000 
.0000 


.0000 
.0000 


.0000 
.0000 


.0000 
.0000 


.0000 
.0000 


.0000 
.0000 


.0000 
.0000 


.0001 
.0002 


^1 


62 
223 


114 
150 


283 
46 


109 
36 


87 
38 


46 
20 


8T 
22 


87 
11 


40 
75 


S5 
11 


8,421 


81 
1,067 


For  a  little  more  than  two  months,  or  until  Oct.  1,  1888,  the 
filtered  water  from  this  tank  came  through  colorless.  The  free 
ammonia  of  the  effluent  was  60  per  cent,  of  that  of  the  applied 
water,  the  albuminoid  ammonia  was  78  per  cent,  and  the  sum  of  the 
ammonias  averaged  76  per  cent.  In  this  tjme  there  was  no  nitrifi- 
cation, the  nitrates  in  the  effluent  being  the  same  as  in  the  applied 
water. 

In  the  following  month,  October,  the  color  of  the  filtered  water 
was  about  three-quarters  as  deep  as  that  of  the  applied  water.     The 
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free  ammonia  was  50  per  cent,  of  that  of  the  applied  water,  the 
albuminoid  ammonia  91  per  cent  ,  and  the  sum  of  the  ammonias 
88  per  cent,  of  the  sum  of  ammonias  of  the  applied  water;  and 
there  was  no  nitrification. 

During  the  three  months  in  which  this  large  quantity  of  more 
than  4,000,000  gallons  per  acre  per  day  was  being  filtered,  the 
analyses  indicate  no  nitrification,  and  this  was  the  condition  of  the 
water  generally  flowing  through  the  tank ;  but  subsequent  analyses, 
made  of  samples  taken  early  in  the  morning  when  little  water  had 
been  drained  from  the  filter  during  the  night,  and  especially  on 
Monday  morning,  after  no  water  had  been  applied  on  Sunday,  show 
that  in  the  nights  and  on  Sunday  there  was  some  nitrification. 

The  means  of  the  analyses,  in  parts  per  100,000,  for  these  three 
months,  of  the  applied  water  and  of  the  effluent,  are  as  follows:  — 


Applied 
Water. 

Filtered 
Water. 

AppUed 
Water. 

FDtered 
W&Mr. 

Free  ammonla»  .... 
iklbumlnold  ammonia.      .       . 

.0010 
.0125 

.0006 
.0104 

Sam  of  ammonlae,   . 
Nitratea 

.01» 
.0225 

.0110 
.0223 

During  the  first  three  months'  use  of  this  filter,  when  filtering  at 
the  rate  of  4,480,000  gallons  per  acre  per  day,  the  sum  of  ammonias 
were  reduced  from  0.0135  parts  in  the  applied  water  to  0.0110  parts 
in  the  effluent ;  but  there  was  no  nitrification,  except  at  night  and 
on  Sunday. 

During  this  period  much  of  the  water  applied  passed  through  the 
tank  within  half  an  hour,  and  the  remainder  within  an  hour ;  except 
a  part  of  the  last  charge  in  the  evening,  which  remained  till  the 
next  morning. 

The  quantity  of  water  applied  at  once,  covering  the  surface  to 
the  depth  of  one  foot,  and  disappearing  within  seven  minutes,  must 
have  driven  the  air  before  it,  and  completely  saturated  the  sand  for 
a  depth  of  nearly  four  feet,  so  that  the  lower  part  of  this  body  of 
water  would  spread  out  in  films  over  the  particles,  and  come  in  con- 
tact with  air  only  in  the^  lower  foot  of  the  filter,  where  time  would 
be  wanting  to  allow  the  chemical  change  of  nitrification  to  take 
place. 

On  Monday  morning,  November  5,  while  the  first  charge  of  water 
was  passing  through,  the  nitrates  of  the  effluent  amounted  to  0.0580 
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parts,  while  those  of  the  applied  water  were  about  0.0220  parts. 
This  nitrification  was  evidently  due  to  the  slow  motion  of  the  con- 
tained water  through  the  sand  during  the  previous  thirty  hours, 
when  no  water  was  applied.  During  the  ordinary  flow  of  the  day, 
between  applications  of  one  foot  in  depth  over  the  surface  each 
hour,  the  conditions  for  nitrification  did  not  exist. 

In  the  following  seven  months,  when  half  as  much  water,  or  a 
little  more  than  2,000,000  gallons  per  acre  per  day,  was  applied  in 
the  same  manner,  there  was  no  appreciable  nitrification. 

In  this  time  the  quantity  applied  each  hour  was  a  little  less  than 
.  the  amount  held  in  the  sand ;  hence  the  water  was  generally  a  little 
more  than  an  hour  in  passing  through  the  filter.  Most  of  the  water 
applied  passed  through  one-third  of  the  depth  of  the  filter  in  a  body, 
and  was  spread  out  in  films  over  the  particles  of  sand  only  in  the 
lower  portion  of  the  filter,  and  thus  exposed  to  the  air  for  a  time, 
which  was  less  than  an  hour.  This  time  and  these  circumstances 
appear  to  be  insuflScient  to  produce  nitrification. 

These  results  indicate  that  six  inches  in  depth  of  water  per  hour 
is  too  rapid  application  for  effectual  intermittent  filtration  through 
this  coarse  sand.  The  rest  of  eight  hours  during  the  night  is 
probably  of  no  advantage  to  the  process  of  nitrification  during  the 
day,  when  the  time  of  passage  is  only  about  one  hour. 

Although  satisfactory  purification  did  not  follow  in  the  remain- 
ing seven  months  in  which  this  material  was  used,  the  details  of  its 
action  and  the  methods  of  use  are  given,  for  such  information  as 
they  may  contain. 

In  the  three  months,  November  and  December,  1888,  and  Jan- 
uary, 188^,  the  color  of  the  efliuent  continued  to  be  about  three- 
quarters  as  deep  as  that  of  the  applied  water.  The  slight  increase 
in  nitrates  observed  was  due  to  action  on  Sunday,  when  no  water 
was  applied. 

The  free  ammonia  of  the  eiHuent  was  about  the  same  as  that  of  the 
applied  water.  The  albuminoid  ammonia  of  the  effluent  averaged 
0.0084  parts,  while  that  of  the  applied  water  averaged  0.0102  parts. 
The  sum  of  the  ammonias  of  the  effluent  averaged  6.0090  parts, 
and  were  84  per  cent,  of  those  of  the  applied  water. 

On  January  23  and  24,  at  each  application  of  water,  there  was 
added  1.14  grammes  of  clay.  After  February  2,  through  February 
and  March,  very  small  quantities  of  precipitated  alumina  were 
added  with  the  water.     These  quantities  were  increased  at  intervals 
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of  about  a  week,  from  one  pound  in  538,000  gallons  to  eight  pounds 
in  538,000  gallons  of  water.  This  was  the  same  amount  of  alumina 
that  would  have  been  applied  if  alum  had  been  used  at  rates  varying 
from  one-half  a  pound  to  four  pounds  in  25,000  gallons  of  water. 
The  whole  amount  of  alumina  applied  to  the  tank  in  these  two 
months  was  but  little  more  than  one  ounce ;  and,  as  none  of  it  was 
found  to  be  in  the  effluent,  this  amount  of  alumina  was  added  to  the 
filtering  material.     Its  effect  upon  the  color  of  the  water  was  small. 

In  February  the  color  of  the  effluent  was  nine-tenths  as  deep  as 
that  of  the  applied  water ;  in  March  it  was  two-thirds  as  deep ;  and 
in  the  first  half  of  April  it  was  about  three-quarters  as  deep.  From 
the  middle  to  the  last  of  April  more  alumina  was  added  in  much 
larger  quantities,  making  the  total  amount  of  alumina  that  had  been 
added  to  the  filter  1.5  ounces;  and,  on  the  last  two  days  of  the 
month,  when  the  alumina  applied  was  at  the  rate  of  50  pounds  in 
538,000  gallons,  the  color  of  the  water  was  entirely  removed. 

This  quantity  of  1.5  ounces  of  alumina  added  to  about  1,000 
pounds  of  sand,  appears  to  be  insufficient  to  pennanently  reduce 
the  color  of  the  effluent ;  but  subsequent  experiments,  now  in  prog- 
ress upon  another  tank,  with  about  six  times  as  much  alumina, 
indicate  long-continued  reduction  of  the  color  of  the  effluent. 

On  April  13  some  deposited  material  was  washed  out  of  the  tank 
by  forcing  water  up  from  the  bottom,  by  attaching  the  hose  to  the 
outlet  faucet.  This  operation  did  not  improve  the  condition  of  the 
filter,  because  the  water  came  up  more  freely  in  some  parts  than  in 
others,  and  washed  out  of  those  parts  portions  of  the  fine  material, 
so  that,  when  water  was  then  applied  to  the  surface,  it  would  follow 
down  more  freely  through  those  parts  from  which  the  fine  material 
had  been  removed. 

Through  the  three  months,  February,  March  and  April,  1889, 
the  nitrates  of  the  effluent  were  generally  the  same,  but  average  ver}* 
slightly  in  excess  of  those  of  the  applied  water;  being  0.0217  parte* 
while  those  of  the  water  were  0.0207  parts,  —  a  difference  which 
may  be  entirely  due  to  errors  of  observation.  The  free  ammonia 
was  very  small,  averaging  0.0003  parts,  which  was  one-third  of  that 
of  the  applied  water.  The  albuminoid  ammonia  averaged  0.0066 
parts,  or  three-fourths  of  that  of  the  applied  water  The  sum  of 
the  ammonias  was  70  per  cent,  of  those  of  the  applied  water. 

From  May  1  to  6,  400  cubic  centimeters  of  lime  water  were  added 
with  each  application  of  10  gallons  to  the  filter ;  and  from  May  6  to 
June  10,  800  cubic  centimeters  of  lime  water  were  added  with  each 
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application  of  water.  The  result  was  not  m  any  wise  satisfactory, 
as  there  was  no  nitrification,  and  the  ammonias  averaged  a  little 
greater  than  those  of  the  applied  water. 

Microscopic  Organisms  found  in  the  Effluent  of  Tank  No.  20. 

In  the  five  months,  August  to  December,  1888,  when  the  amount 
of  water  daily  filtered  averaged  at  the  rate  of  3,680,000  gallons  per 
acre,  observations  were  made,  on  twenty  different  days,  upon  the 
organisins  seen  by  the  microscope  upon  a  very  fine  cloth  through 
which  five  gallons  of  city  water  had  been  strained,  and  upon  another 
cloth  through  which  five  gallons  of  effluent  from  Tank  ]f  o.  20  had 
been  strained. 

The  names  and  numbers  of  the  organisms  are  given  in  the  follow- 
ing table :  — 

Number  of  microscopic  organisms  found  on  twenty  different  days,  in  Jive  gat- 
Ions  of  the  city  water,  ayid  in  Jive  gallons  of  the  effluent  from  Tank  No.  20 
in  the  Jive  months,  August  to  December,  1888,  omitting  those  that  were 
Jbund  in  city  water  but  once. 


Nams  of  Organism. 


Anabiena, 

Aiterlonella,  . 

Chlorococcns, 

CUthroeystia, 

SDcyonema,    . 

Leptothrlz,     . 

Meloilra, 

Navicnla, 

Nluchla. 

Opblocytinm, 

PediiutruiD,    . 

IMnnularia,      . 

Raphidium,    . 

SceDedeemus, 

Stanrastnim,  . 

Staurogenla,   . 

BtepbanodiscoB, 

Synedra, 

Tftbellaria,      . 

Tetraspora,     . 

Anarea,  . 
DloobryoDi 
Sntomoetraca, 
HoDai,    . 
Tracbelomorai, 


Number  of 

Days 
when  found 

in 
City  Water. 

Arcr- 

age  Number 

when 

found  in 

City  Water. 

JS  umber 

of 

Dayi  when 

found  In 

EfRuent  of 

No.  20. 

2 

35 

„ 

18 

591 

5 

16 

85,046 

18 

3 

86 

- 

2 

20 

- 

2 

70 

- 

14 

1,162 

2 

6 

43 

- 

8 

73 

- 

2 

80 

- 

8 

34 

7 

2 

45 

- 

fi 

56 

- 

9 

94 

8 

7 

42 

- 

11 

434 

10 

8 

71 

- 

19 

289 

5 

18 

218 

7 

2 

160 

- 

2 

15 

. 

15 

894 

3 

2 

4 

- 

2 

85 

- 

7 

136 

10 

Aver- 
age Number 

when 
found  In  Ef- 
fluent of 

No.  20. 


69 
15,187 


50 

53 

145 

740 

19 
68 

48 
148 


Digitized  by 


Google 


654 


FILTRATION  OF  WATER. 


Of  the  twenty  vegetable  microscopic  organisms  found  in  the  city 
water,  eight  were  found  in  the  effluent.  Of  these,  Chlorococcu^, 
Scenedesmus,  Pediastrum  and  Staurogenia  came  through  with  but 
little  reduction.  Asterionella,  Melosira,  Synedra  and  Tabellariu 
were  much  reduced  in  number. 

Of  the  five  animal  forms  found  in  the  city  water,  two  came 
through;  viz.,  Trachelomonas  in  full  number,  and  Dinobryon 
reduced  to  three  per  cent. 

Number  of  Bacteria  in  the  Effluent  of  Tank  No.  20. 

During  4,he  three  months  in  which  water  was  filtering  at  the  rate 
of  about  4,000,000  gallons  per  acre  per  day,  the  number  of  bacteria 
in  the  effluent  averaged  76  per  cubic  centimeter,  or  one-half  the 
number  found  in  the  applied  water. 

In  the  following  six  months,  when  filtering  at  the  rate  of  about 
2,000,000  gallons  per  acre  per  day,  the  number  counted  in  the 
effluent  averaged  25  per  cubic  centimeter,  or  43  per  cent,  of  the 
number  in  the  applied  water. 

In  May  and  June,  1889,  when  lime  was  applied  with  the  water, 
the  number  in  the  solution  was  not  determined ;  but  the  number  in 
the  effluent  was  greater  than  when  water  was  applied. 

The  average  numbers  of  bacteria  found  monthly  are  given  on  page 
649.  The  numbers  observed  on  forty-eight  different  days  are  given 
in  the  following  table  :  — 


Number  of 

Bacteria 

per  Cubic 

Centimeter  found  in 

the  Effluent  of  Tank  Xo.  20 

Datb. 

Komber 

of        1 
Bacteria.  , 

Date. 

Number 

of 
Bacteria. 

Datb. 

Number  ! 

of       1 

Bacteria.  ' 

'  Xaiaber 
Datb.        ,      of 

'Bacteria. 

19S8. 

1 

IftSS-Con. 

1S80. 

lftS0-Con. 

July     24,     . 

190 

1  Oct.      23.      . 

46 

Jan.       2,     . 

18 

April     2,     . 

i 

28,     . 

223 

27.      . 

29 

8.      . 

6 

9,     . 

i 

Aug.      4,      . 

204 

Nov.      1,     . 

23 

15,      . 

81 

16,     . 

2« 

14,      . 

180 

6,      . 

12 

22,      . 

35 

24,     .             • 

18,      . 

100 

10,     . 

28 

Feb.       6,     . 

8 

30,     .,           8 

23,      . 

114 

16,      . 

22 

12,     . 

13    1 

May       7,     .|         « 

Sept.    13,      . 

63 

21,     . 

84 

10,     . 

14    ^ 

14.     .       1S.020 

18.     . 

44 

26,      . 

110 

27,      . 

0    1 

21.     .          «? 

22,      . 

65 

Dec.       7,     . 

13 

March    5,     . 

209 

23,     .  '        "2 

27.     . 

21 

12.      . 

12 

12,      . 

41    ! 

Jane      4,     .;     2,0W 

Oct.       4,      . 

26 

17.      . 

5 

M.     . 

38    1 

11,     .          1^ 

1 

».     . 

45 

26,      . 

48 

26,     . 

13 

13,      . 

34 

• 

, 
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TABLES 

or 

CHEMICAL  ANALYSES  AND  OBSEKVATIONS 

Upon    Filter   Tank   IS'o.   20. 


FILTER  TANK  No.   20. 

Jaly  —  NoTember,  IflAS. 


1,906 


9,117 


15,513 


22,591 


26,672 


1889. 

July  23, 

27, 
31, 

Aug.  7, 
14. 
21. 
28, 

Sept.  4, 
11. 
18, 
25. 

Oct.    2, 

16. 
23, 
30. 

Nov.  5, 
6, 
IS, 
18, 
20, 
23, 
27. 


s  e 

as  . 

Mi 


50 
259 
204 

226 
223 
223 


227 
226 
226 
200 

222 
222 
224 
224 
228 


267 
176 
132 

96 
130 

97 


Uesidub  oir  ' 
Evaporation.  , 


"2 


I 


0.68 

.82  I 


.oo 
.76 

1.76 

0.84 

1.72 

1.44 

1.16 

1.00 

0.88 

.60 

1.12 

1.36 

1.24 

1.38 

1.32 

1.82 

1.16 

1.04 

1.28 

1.08 

1.40 

1.16 

8.00  I 
2.28 
2.76  I 
2.72  j 

2.48  : 

2.96 
1.56  I 
2.68 

8.12 ; 

2.92 
3.60 
3.48 

2.64 
2.92  ' 
2.64 

2.68 
2.40  I 

3.18 
2.96 
2.64 
2.68 
2.56 
2.60 
2.66 


Amhoxia. 

1 

NiTROOBH  AS 

Tkmpkk- 

ATUKK. 

i 

1 

< 

^ 

1 

S 

1 

«i 

.0172 

.0070 

.0242 

1 
0.23 

.0400 

.0005 

68- 

.0056 

.0054 

.0110 

.36 

.0220 

.0002 

68- 

— 

.0010 

.0064 

.0074 

.29 

.0250 

.0001 

69* 

~ 

.0006 

.0106 

.0112 

.25 

.0220 

.0000 

68* 

71* 

.0010 

.0110 

.0120 

.31 

.0220 

.0000 

«9* 

73» 

.0002 

.0084 

.0OS6 

.34 

.0260 

.0000 

69* 

,  71* 

.0012 

.00S4 

.0096 

.26 

.0200 

.0000 

69' 

74^ 

.0008 

.0116 

.0124 

.27 

.0220 

.0000 

69* 

74* 

.0002 

.0072 

.0074 

.25 

.0220 

.0000 

68* 

72- 

.0004 

.0084 

.0088 

.26 

.0200 

.0000 

68- 

70- 

.0002 

.0066 

.0068 

.24 

1  .0240 

.0000 

67* 

70« 

.0004 

.0112 

.0116 

.24 

.0240 

.0000 

66- 

65* 

.0008 

.0122 

.0130 

.23 

.0200 

.0000 

62- 

62- 

.00<J2 

.0150 

.0152 

.21 

.0240 

.0000 

60* 

oo- 

.0006 

.0106 

.0112 

.23 

.0240 

.0000 

57- 

bT 

.0012 

.0146 

.0158 

.22 

.0220 

.0000 

64* 

65* 

.0004 

.0132 

.0136 

I  .20 

.0200 

.0000 

62* 

53- 

.0008 

.0108 

.0116 

1  .23 

.0580 

.0000 

62* 

bT 

.0004 

.0110 

.0114 

1  .21 

.0240 

.0000 

61- 

bb* 

.0006 

.0106 

.0112 

1  .23 

.0260 

.0000 

62- 

bb* 

.0004 

.0104 

.0108 

.24 

.0200 

.0000 

53' 

ber 

.0002 

.0076 

.0078 

.24 

.0200 

.0000 

48- 

52* 

.0006 

.0092 

.0098 

.28 

.0170 

.0000 

46- 

47- 

.0004 

.0094 

.0098 

.26 

.0220 

.0000 

44- 

46* 

July  to  September  inclufllve.  —  Effluent  was  colorless,  generally  clear  or  but  sliichlly  turbid,  and  free 
or  nearly  free  from  sediment.  October  and  November.  —  Nearly  clear,  with  very  llitle  or  no  sediment, 
and  with  an  average  color  of  0.34  and  0.30  for  the  two  months  respectively. 

July  24.  —  Twenty-two  gallons  of  water  applied  disappeared  In  6.7  minutes.  July  25.  —  In  7.3 
minutes.    Air  mingled  with  water  flowing  from  faucet. 

After  August  1.  —  Residue  on  evaporation  obtained  with  sodium  carbonate.  Augusts.  —  Nineteen 
gallons  of  water  applied  disappeared  in  5.5  minutes.  August  11.  — In  7.5  minutes.  August  16.  — In  7.2 
minutes.    Air  mingled  with  water  flowing  from  faucet. 

September  15.  — Nineteen  gallons  of  water  applied  disappeared  in  8.8  minutes.  September  20.  — In 
8.75  minutes.    September  25.  —  Hole  drilled  midway  in  side  of  tanlc. 

October  3.  —  Nineteen  gallons  of  water  applied  disappeared  in  9  minutes.  October  9.  —Water  applied 
disappeared  more  slowly  than  usual,  and  air  came  up  between  sand  and  sides  of  tank.  October  10. — 
Faucets  put  in  side  of  tanlc  one-fourth,  one-half,  three-fourths  and  seveneishths  way  down.  October 
16. —  Eighteen  gallons  of  water  applied  disappeared  in  16.25  minutes.  October  30.  —  Nineteen  gallons 
In  11.4  minutes. 

November  7.— Eighteen  gallons  of  water  applied  disappeared  in  11.75  minutes.  November  9. — 
Twelve  gallons  in  6.1  minutes.  October  19.— Nine  gallons  in  5.8  minutes.  October  28,  4  p.m..  to 
December  1,  8.50  a.m.  —  Outlet  closed.    River  high. 
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FiUer  Tank  No.  20— Continued. 

December.  I88S  —  Febmrnir,  Ism. 


III 

Date. 

Rksidcr  on 

EVAl'OBATION. 

Ammoxia. 

J 

NnBOOXsi  AS 

TSXPBK- 
ATCBE. 

p 

1 

1 

1^ 

"S 

1 

s 

•c 

is 

1 

1»8S. 

1 

- 

Dec.  4, 

65 

1.16 

2.S0 

.0002 

.0088 

.0090 

.23 

.0220 

.0000   43-  '  hT 

1 

- 

T. 

130 

1.36 

2.40 

.0008 

.0090 

.0098 

.26 

.0300 

.0000   42*  41' 

- 

11.   . 

97 

1.20 

2.40 

.0020 

.0082 

.0102 

.24 

.0260 

.0000   42* 

45' 

- 

14, 

128 

1.28 

2.76 

.0006 

.0082 

.0088 

.25 

.0350 

.0000 

40- 

1 

4r 

- 

18,   . 

94 

1.08 

2.56 

.0006 

.0070 

.0076 

.22 

.0350 

.0000 

1 
39*  4r 

29,318 

24, 
18S9. 

25 

0.88 

2.92 

.0010 

.0088 

.0098 

.21 

.0240 

.0000 

SS-j  ST 
1   i 

- 

Jan.  1^   . 

91 

0.68 

2.76 

.0006 

.0066 

.0072 

.23 

.0300 

.0000   SS-  \   4S* 

- 

4,   . 

127 

1.12 

3.00 

.0010 

.0114 

.0124 

.20 

.0300 

.0000  •  39*  (  «• 

- 

8.   . 

96 

0.88 

3.00 

.0004 

.0070 

.0074 

.24 

.0280 

.0000  1  38-  42* 

- 

11.   . 

124 

1.16 

2.52 

1 

.0004 

.0072 

.0076 

.24 

.0240 

.0000  ;  3S»  \7 

- 

15,   . 

96 

1.12 

2.52 

.twoo 

.0078 

.00T8 

.24 

.0200 

.0000  \   38*  )  45- 

- 

18,   . 

107 

1.04 

2.32 

,0002 

.0062 

.0064 

.24 

.0240 

.0000 

38-!  4i- 

- 

22.   . 

93 

1.28 

2.40 

.0000 

.0066 

.0066 

.20 

.0230 

.0000 

;  38-  4«* 

- 

24,   . 

120 

1.16 

2.72 

.0004 

.0072 

.0076 

.26 

.0250 

.0000 

sr  & 

82,552 

29, 

102 

0.80 

2.32 

.0002 

.0046 

.0048 

.27 

.0250 

.0000 

'  sr  46- 

- 

Feb.  1,   . 

124 

1.08 

2.40 

.0002 

.0066 

.0068 

.23 

.0250 

.0000 

Sr  44* 

- 

(.    • 

95 

1.04 

2.36 

.0004 

.0056 

.0060 

.20 

.0270 

.0000 

vr    43* 

- 

8.   . 

129 

0.92 

2.68 

.0004 

.0060 

.0064 

.21 

.0220 

.0000 

37''  45* 

- 

12, 

97 

0.72 

2.88 

.0002 

.0060 

.0062 

.24 

.0250 

.OwlO 

Sfl- 

42- 

- 

15, 

132 

1.00 

2.80 

.0002 

.0072 

.0074 

.21 

.0250 

.0000 

S^* 

44' 

- 

19, 

95 

0.92 

2.64 

.0000 

.0060 

.0060 

.23 

.0200 

.0000 

86-  45- 

1 

- 

22,    . 

130 

0.68 

8.04 

.0000 

.0068 

.0063 

.22 

.0230 

.0000 

S^'liS* 

85,737 

26,   . 

96 

0.92 

2.60 

.0004 

.0066 

.0070 

.23 

.0260 

.0000 

36-V 

1 

December  to  February  iDclasive.— Effluent  generally  nearly  clear  and  with  very  little  or  no  •ed/aieflr. 
and  with  color  averaging  0.20,  0.16  and  0.16  for  the  three  months  respectively. 

Dec.  5.  — Ten  gallons  of  water  applied  disappeared  in  7  m.  14.  — Ice  on  surface,  and  faacet  froxeo 
up  in  the  morning.  18,  3  p.m.,  to  22, 11.43  a.m.  —  Outlet  closed.  River  high.  24,  9.10  p.k.,  to  2d,  l\S& 
A  X. — Outlet  closed  on  account  of  leak  in  measuring  basin.  26.  —  Ten  gallons  of  water  applied  dinp- 
pcared  in  7.5  m. 

Jan.  8.— Nine  gallons  of  water  applied  disappeared  in  7.0  m.  17. —  Usual  quantity  of  wster  noi 
applied,  owing  to  special  experiments  on  tank.  23, 11  a.m.,  to  25,  6  a.m.  —  One  and  fourteen-bandredib* 
grams  of  clay  were  added  to  each  9  gallons  of  water  applied. 

Feb.  2  to  9.— One  grain  of  precipitated  alumina  was  added  to  every  77  gallons  of  water  appBe<I>  \^ 
to  18.  — Two  grains.  19  to  March  4.— Three  grains.  One  grain  of  precipitated  alumioa  Id  7T  V^^ 
of  water  is  equivalent  to  1  pound  of  alum  in  50.000  gallons. 

Feb.  14.— Nine  gallons  of  water  applied  disappeared  in  8.75  m.    28.— In  9.25  m. 
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Filler  Tank  M.  20—  Concluded. 

March  to  Jmbc,  1M*. 


-5 

Date. 

Dnllv  Quantity  of 
Kffiuent.     Gal- 
lons. 

1  Uksidukox 
Evaporation' 

AUHOKIA. 

Chlorine. 

XlTROCKN  AS 

Tkmpkr- 

ATL-RK. 

ii 

J 

1 

2 
0 

< 

'S 

S 

C 

2 

1 
1 

1»S9. 

1 

- 

March  1,  . 

127  ' 

0.80 

2.76 

.0004 

.0078 

.0082 

1  .» 

.0220 

.0000 

36- 

45* 

- 

5.  . 

92^ 

0.60 

8.16' 

.0002 

.0060 

.0062 

I-"! 

.0250 

.0000 

36* 

46* 

- 

12,  . 

108' 

0.40 

2.88 

.0000 

.0066 

.0066 

!  .22 

.0200 

.0000 

36* 

43* 

- 

M,  . 

109 

0.56 

2.52' 

.0004 

.0050 

.0054 

.22 

.0220 

.0000 

37" 

46* 

- 

22.   . 

128 

0.M 

.0002 

.0060 

.0062 

,  .22 

.0220 

.0000 

37* 

43- 

39,043 

26,   . 

95  1 

1 

0.66 

2.36 

.0004 

.0068 

.0072 

'  •"' 

.0250 

.0000 

Zl'      48* 

1 

- 

April  2.   . 

110 

0.52 

2.56 

.0014 

.0070 

.0064 

t 

1  '^\ 

.0230 

.0000 

38' 

47* 

- 

9,   . 

no, 

0.52 

2.32 

.0006 

.0064 

.0070 

.17 

.0180 

.0000 

39-   46- 

- 

16,   . 

95  j 

0.96 

2.76  j 

.0004 

.0088 

.0092  ' 

.16 

t     1 

.0220 

.0001 

41'  1  53* 

- 

M,  . 

131 

0.80 

2.76 

.0002 

.0078 

.0080  1 

i  '"1 

.0140 

.0000 

43-   51* 

- 

23.   . 

OS  ' 

1.03 

2.57 

.0004 

.0074 

.0078 

.16  , 

.0150 

.0000 

j  46- 

60- 

42,263 

30.   . 

107 

1.08 

2.40  ; 

1 

.0002 

.0044 

.0016 

.14  , 

1 

.0150 

.0001 

47* 

58* 

- 

May   3,   . 

131  1 

0.81 

2.76 

.0000 

.0090 

.0090 

.13 

.0120 

.0000 

50" 

60* 

- 

1 

103 

0.80 

2.61 

.0002 

.0076 

.0078  1 

.13! 

.0120 

.0000 

50-   69* 

- 

14.   . 

124  ' 

1.21 

8.52 

.0014 

.0084 

.0098 

.14! 

.0120 

.0000 

'  53^ 

67* 

- 

21.   . 

123, 

1.20 

8.56  1 

.0018 

.0104 

.0122  1 

.15  ' 

1 

.0100 

.0001 

56- 

68» 

46,112 

28.   . 

124  , 

1.24 

3.24 

.0002 

.0120 

.0122 

.16  1 

.0170 

.0000 

59* 

65* 

- 

Jane  4.  . 

116 

1.32 

1 
5.28 

.0022 

.0098 

.0120 
.0158 

.17 

.0150 

.0002 

60- 

67* 

47,320 

11.  . 

124  ' 

1.28 

6.64 

.0036 

.0122 

.14  1 

.0170 

.0002 

61" 

72* 

Karch  to  June,  inclusive.  —  Effluent  nearly  clear,  with  very  slight  or  no  sediment,  and  with  color 
averaging  0.12.  0.10,  0.19  and  0.15  for  the  four  months  respectively. 

March  5  to  10.  —  Four  grains  of  precipitated  alumina  were  added  to  every  77  gallons  of  water  applied. 
11  to  17.  —  Six  grains.  18  to  29.  —  Eight  grains.  80  to  April  14.  —  Noue.  April  15  to  28.  — Ten  grains. 
29  to  30 — Fifty  grains.  Total  alumina  added  from  February  2  to  April  30,  1.52  ounces.  April  13.— 
Sand  in  tank  thoroughly  washed,  by  forcing  water  in  throngh  the  outlet. 

May  1  to  6.  — Four  hundred  cubic  centimeters  of  lime  water  added  to  every  10  gallons  of  water 
applied.    May  7  to  June  11.  —  800  cubic  centimeters. 
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FILTEK    TA]S"K    l>fo.    20a, 


In  the  latter  part  of  June,  1889,  the  filtering  material  of  Tank 
No.  20,  which  had  been  used  since  July,  1888,  was  removed  from 
the  tank,  and  the  tank  was  again  filled  in  the  following  manner. 
There  were  three  inches  and  a  half  in  depth  of  coarse  and*  fine 
gravel  and  very  coarse  sand  put  upon  the  bottom  of  the  tank,  above 
which  was  one  foot  of  coarse  mortar  sand  like  that  of  Tank  Xo.  1. 
Above  this  was  one  foot  in  depth  of  fine  sand  like  that  of  Tank  No. 
2,  and  above  this,  three  feet  in  depth  of  coarse  sand  like  that  of 
Tank  No.  1.  It  was  found  that  28  gallons  of  water  saturated  thii- 
sand,  and,  upon  draining  for  six  days,  17  gallons  flowed  out,  leaving 
11  gallons  of  water  and  17  gallons  of  air  in  the  sand.  This  filter 
will  hereafter  be  called  Tank  No.  20  a, 

Water  was  first  applied  for  filtration  on  July  25,  1889  ;  and  from 
this  time  until  August  14,  the  quantity  of  water  averaged  lU- 
gallons  a  day,  or  the  equivalent  of  2,320,000  gallons  per  acre  per 
day  ;  but  after  August  14  the  quantity  applied  averaged  38  gallon- 
per  day,  or  760,000  gallons  per  acre  per  day.  This  has  beer 
applied  hourly  through  the  day  as  before,  about  3  gallons  at  a  time 
being  applied  in  fifteen  seconds.  This  rate  was  continued  through 
the  remaining  part  of  the  year  1889.  In  the  first  half  of  1890,  the 
rate  was  714,000  gallons  per  acre  per  day. 

The  effluent  was  colorless  for  about  two  months,  till  October  10. 
Throuo:h  the  rest  of  the  month  of  October  there  was  a  slio:ht  color 
in  the  effluent,  which  was  about  one-third  of  the  depth"  of  the  color 
of  the  applied  water.  The  color  of  the  effluent  increase^  a  little  in 
November,  and,  through  this  month  and  the  month  of  Deceml^er, 
was  about  three-eighths  of  the  depth  of  color  of  the  applied  water. 
In  the  latter  part  of  the  winter  it  increased  to  two-thirds  of  that  of 
the  city  water ;  but,  with  increased  nitrification  of  April  and  May, 
it  decreased,  and  for  the  four  months,  April  to  July,  1890,  it 
averaged  0.12,  or  45  per  cent,  of  the  color  of  the  city  water. 
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The  results  of  chemical  analysis  and  daily  obsei'vations  upon  this 
tank  for  the  year,  from  August,  1889,  to  July,  1890,  are  given  at 
the  end  of  this  section. 

At  page  656  may  be  found  a  diagram  giving  the  chemical  results 
obtained  with  city  water  and  with  effluent  from  this  tank,  from 
August,  1889,  to  July,  1890. 

The  monthly  averages  of  results  for  the  year  are  contained  in  the 
following  table :  — 

Monthly  Averages  of  Results  with  Filter  Tank  No.  20  a. 


3   «' 

^ 

Rksidcr  on  ' 
Evaporation. 

Ammoxia. 

c 

5 

NITEOOKH 
AS 

1 

h 

Datx. 

1  : 

1 

2 

A 

< 

^ 

1 

J, 

ill 

1CI99. 

Aogiut,      . 

City  water. 
Effluent,    . 
Per  cent., . 

75 

.30 
.05 

1.97 
1.10 
56 

4.06 
2.82, 

09       ! 

.0007 
.0002 
29 

.0158    .0165 
.0074;   .0076 
47           46 

.19 
.19 

"     1 

.0192 
.0270 
141 

.0000 
.0000 

69" 

72* 

28 
23 

Sepleraber, 

City  water, 
KfnueDi,    . 
Per  cent.,  . 

37 

.28 
.00 

1.30 
1.21 
93 

3.42 
8.50 
102 

.0015 
.0008 
53 

.0141'   .01.56 
.0079    .0087 
56           56 

.24 
.24 

.OIW 
.0218 
133 

.0000 
.0000 

- 1 

67' 
67* 

91 
18 

October,    . 

City  water, 
Ellfuent,    . 
Per  cent., . 

89 

.30 
.10 

1.92 
1.70 
89 

2.72 
2.82 
104 

.0015 
.0005 
33 

.0150    .0165 
.0099,   .0104 
66          .63 

.21 
.21 

.0110 
.0125 
114 

.0000  1 
.0000 

■  1 

57* 
54- 

124 
0 

November, 

City  water, 
EtUuent,    . 
Per  cent.,  . 

39 

.32 
.12 

1.37 
1.20 

88 

2.63 
2.93 
111 

.0010 
.0005 
50 

.0144!   .0151 

.0099]   .0104 

69           68        j 

il 

.0097 
.0102 
106 

.0000 
.0000 

60' 
50- 

170 

December, 

City  water, 
Kfllucnt,    . 
Per  cent.,  . 

37 

.32 
.12 

1.57 
1.35 

86 

2.60 
2.60 
100 

.0013 
.0008 
62 

.0127 
.00S9 
70 

.0140 
.0097 
69 

■•?' 

.0124 
.0164 
132 

.0000 
.0000 

43* 
43- 

66 
7 

im>o. 

January,    . 

City  water, 
Emueut,    . 
Per  cent., . 

37 

.35 

.20 

1.15 
1.12 
97 

2.55 
2.65 
104 

.0011 
.0011 
100 

.0105    .0116 
.00S6    .0097 
82           84 

,  .18 

.18 

1 

.0120 
.0165 
137 

.0000 
.0000 

39" 
42* 

53 
25 

Febmary, . 

City  water, 
EtHucnt,    . 
Per  cent., . 

37 

.30 
.20 

1.00 
1.00 
100 

2.47 
2.75 
111 

.0015 
.0014 
93 

.0108 
.0076 
70 

.oiin 

.0090 
73 

.19! 
.19  ' 

.0150 
.0150 
100 

.0000 
.0000 

39* 
42- 

175 
10 

March,       . 

City  water, 
Effluent,    . 
Per  cent., . 

36 

.30 

.20 

0.95 
0.95 
100 

2.32 

2.40 
103 

.0029 
.0015 
52 

.0125 
.0093 
74 

.0154, 

.0108 

70         1 

.18 

.18 

.0140 
.0152 
109 

.0000 
.0000 

38- 
44* 

'? 

AprU,         . 

City  water. 
Effluent,   . 
Per  cent., . 

37 

.35 
.17 

1.28 
1.22 
95 

2.54 
2.56 
100 

'     .0017 
I     .0012 
71 

.01-28 
.0086 
67 

.0145 
.0098 
68 

.16 

,.15 

.0144 
.0184 

|128 

.0000 
.0000 

41* 

48» 

*" 

May.  . 

City  water. 
Effluent,    . 
Per  cent.,  . 

86 

.22 
.10 

1.03 
1.00 
97 

2.20 
2.30 
105 

.0013 
.0011 
85 

.0118 
.0092 
79 

.0131 
.0103 
79 

.13 
.13 

,     .0175 
'     .0242 
,138 

.0000 
.0000 

50- 
60' 

~ 

Jane, . 

City  water. 
Effluent,    . 
Per  cent., . 

84 

.22 
.10 

- 

- 

- 

.0018 
.0015 

83 

1 

.0140 
.0008 
70 

.0158 
.0113 
72 

.13 
.13 

1     .0160 
.0187 
117 

.0000 
.0000 i 

1 

56- 
65- 

33 
16 

July,  .       . 

City  water. 
Effluent.    . 
Per  cent.,  . 

81 

.25 
.10 

- 

- 

.0020 
1     .0012 

60 

t 

.0132'  .0152 
.00751  .0087 

57           57 

.20 
.19 

1     .0264 
'     .0255 
96 

.0000 
.0000 

74* 

106 
13 
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The  chemical  analyses  show  that  nitrification  was  taking  place  in 
all  months  except  February  and  July.  In  the  first  six  months  the 
average  increase  in  nitrates  was  29  per  cent.,  and  in  the  last  six 
months  was  13  per  cent. ;  being  38  per  cent,  at  the  highest  in  the 
month  of  May. 

The  sum  of  ammonias  of  the  filtered  water  for  the  first  six  months 
was  63  per  cent,  of  those  of  the  unfiltered  water,  and,  in  the  la<t 
six  months,  was  63  per  cent,  of  those  of  the  unfiltered  water. 

The  free  ammonia  of  the  filtered  water  has  for  the  year  averaged 
0.0010  parts  per  100,000,  or  two-thirds  of  that  of  the  unfiltered; 
and  the  albuminoid  ammonia  has  averaged  0.0086  parts,  which  i^ 
also  two-thirds  of  that  of  the  unfiltered  water. 

The  quantity  of  water  filtered  by  this  tank  in  the  year  has  been 
about  15,000  gallons,  or  the  equivalent  of  300,000,000  gallons  ujx)n 
an  acre  ;  and  it  appears  as  if  it  would  continue,  with  the  same  treat- 
ment, removing  about  one-half  of  the  color  and  about  one-third  of 
the  ammonias,  as  it  has  done  during  the  past  six  months. 

There  was,  however,  a  seriously  objectionable  condition  in  the 
foregoing  treatment.  The  water  was  applied  hourly,  —  except 
when  the  men  were  away  at  their  meals,  —  from  5  a.m.  to  9  p.m  , 
and  before  noon  the  water  accumulated  in  the  coarse  sand,  above 
the  layer  of  fine  sand,  and  remained  constantly  on  the  surface  until 
some  time  in  the  night.  By  tapping  the  side  of  the  tank  ami 
applying  a  glass  tube,  it  was  found  that  the  fine  sand  not  ouly 
remained  saturated,  but  that  it  held  water  over  Sunday,  when  none 
Avas  applied,  to  the  depth  of  a  foot  or  more  in  the  coarse  sand  above 
it.  By  taking  series  of  samples  of  the  eflluent  through  the  day,  it 
was  found  that  the  nitrates  were  the  highest  —  by  about  36  percent, 
over  those  of  the  morning  —  about  4  o'clock  p  m.  ;  when  the  water 
which  drained  down  during  the  night  from  the  upper  part  of  the 
coarse  sand,  —  where  it  was  in  contact  with  air,  —  reached  the 
outlet. 

These  results  indicated  that  the  absorbed  oxygen  in  the  applied 
water  was  not  sufficient  to  carry  on  the  desired  nitrification,  and 
that  the  best  results  were  not  to  be  obtained  by  occasional  intermis- 
sions, while  the  principal  part  of  the  water  passed  through  in  a  body 
without  exposure  to  air.  These  intermissions,  during  a  part  of  the 
night  and  on  Sunday,  have  served  to  remove  the  organic  mutter 
from  the  sand  sufficiently  to  allow  the  passage  of  nearly  three- 
quarters  of  a  million  of  gallons  daily  per  acre ;  but  have  not  pit- 
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sented  the  conditions  in  which  the  principal  part  of  the  water  passing 
through  could  be  most  completely  purified  by  nitrification. 

To  test  the  efiect  of  exposing  the  water  to  more  air  while  passing 
through  the  sand,  the  quantity  of  water  was  decreased  to  one-half  a 
million  gallons  per  acre,  applied  on  six  days  in  the  week.  This 
quantity  was  continued  for  a  month,  from  July  23  to  August  22, 
1890,  with  the  following  results  :  — 


Free  Ammonia 

Albuminoid 
Ammonia 

Cblorino 

Nitrates 

Nitrites 

Bacteria 

0.0010 

0.0064 

0.22 

0.0283 

0.0000 

33. 

The  purification  was  much  more  complete.  The  color  was  reduced 
to  one- third  ;  the  free  ammonia  to  30  per  cent.,  and  the  albuminoid 
ammonia  to  44  per  cent.,  of  that  of  the  applied  water.  The  nitrates 
were  22  per  cent,  more  than  those  of  the  applied  water. 

During  this  time  the  surface  did  not  remain  covered  with  water 
from  one  hourly  application  to  the  next,  and  there  was  some  air  in 
the  upper  layers  of  the  coarse  sand,  with  which  each  charge  of 
water  came  in  contact.  The  result  was  the  removal  of  about  twice 
as  much  of  the  impurity  of  the  applied  water  as  in  the  former  condi- 
tion, and  giving  an  efiiuent  of  a  quality  but  little  below  that  of  an 
excellent  unpolluted  ground  water. 

This  tank,  No.  20  a,  filtered  the  equivalent  of  88,000,000  gallons 
per  acre,  giving  a  colorless  efiiuent.  Tank  No.  20,  of  coarse  sand 
like  No.  1,  filtered  in  three  months  the  equivalent  of  300,000,000 
gallons  per  acre  before  any  color  appeared  in  the  efiiuent ;  and  Tank 
No.  8  has,  in  three  years,  filtered  the  equivalent  of  200,000,000 
gallons  per  acre,  and  no  color  has  yet  appeared  in  the  effluent. 

The  largest  quantity  that  passed  through  colorless  was  through 
the  filter  of  coarse  sand  in  which  the  water  was  most  completely 
exposed  to  air,  although  it  remained  in  the  sand  the  shortest  time. 

The  quantity  that  has  already  passed,  colorless,  through  No.  8,  is 
so  much  greater  than  that  through  No.  20  a  that  their  specific 
difierences  will  be  stated.  Each  has  a  layer  of  fine  material.  In 
No.  8,  this  is  a  layer  of  loam  eight  inches  deep,  the  top  of  which  is 
six  inches  below  the  surface.  In  No.  20a,  thi«  is  a  layer  of  fine 
sand  one  foot  deep,  the  top  of  which  is  three  feet  below  the  surface. 
If  the  sand  above  the  fine  layer  in  No.  8  be  tept  saturated,  the  loam 
will  be  saturated  ;  but  there  will  be  about  four  feet  in  depth  of  sand 
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and  gravel  below  the  loam,  in  which  the  water  will  be  exposed  to 
air  entering  the  outlet  pipe  ;  while  in  No.  20  a,  if  the  fine  layer  and 
the  sand  above  be  saturated,  there  will  be  but  little  more  than  one 
foot  in  depth  of  coarse  sand  below,  in  which  water  may  be  exposed 
to  air  entering  the  outlet. 

When  the  upper  layers  of  neither  tank  are  kept  saturated,  we 
must  look  for  the  difibrence  in  the  character  of  fine  material  of  the 
fine  layers. 

The  sizes  of  the  finer  grains  in  each  of  the  fine  layers,  and  in  the 
coarse  sand  of  No.  20a,  are  given  in  the  following  table  :  — 


Diameter  of 
Grains. 

(Inches.) 

Loam 
in  Tank 

No.  8. 
Per  cent. 

Fine  Sand 
In  Tank 
No.  20  a. 
Per  cent. 

Coarse 
Sand  m 

Tank 
No.  20  a. 
Per  cent. 

Diameter  of 
Grains. 

(Inches.) 

Loam 
in  Tank 

No.  8. 
Per  cent. 

Fine  Sand 
In  Tank 
No.  20  a. 

Per  cent. 

Coane 
Sand  Id 

Tank 
No.  3" -A 
Ptr  cmt. 

0.020  to  0.048 
0.012  to  0.020 
0.008  to  0.012 
0.006  to  0.008 

17 
8 
8 

4 

2 

3 

6 

21 

43.0 
4.6 
0.8 
0.5 

0.004   to  0.006 

0.002    to  0.004 

0.0008  to  0.002 
1 
0.0000  to  0.0008 

4 
10 
14 

1 

29 
30 
0 

1 

0.1 
0.07 
0.03 
O.OQd 

The  amounts  of  material  whose  particles  were  less  than  0.004  inch 
in  diameter,  were,  in  the  loam  of  No.  8,  25  per  cent. ;  in  the  coarse 
sand  of  No.  20  a,  0.11  of  one  per  cent. ;  and  in  the  fine  sand  of  No. 
20  a,  40  per  cent.  Upon  heating  to  redness,  the  40  per  cent.,  the 
equivalent  of  0.3  of  one  per  cent,  of  the  whole,  passed  ofi^;  while, 
upon  so  heating  the  25  per  cent,  from  the  loam,  there  passed  off  1.3 
per  cent,  of  the  whole. 

These  results  indicate  approximately  the  amount  of  organic  matter 
contained  in  these  finer  parts  of  each  sand,  which,  in  the  fine  sand 
of  No.  20a,  is  exceedingly  small.  The  fine  parts  of  this  sand  are 
nearly  white,  and  appear  to  be  pulverized  quartz  ;  while  those  from 
the  loam  of  No.  8  are  brown,  and  of  such  a  nature  that,  when  thor- 
oughly dry,  they  absorb  moisture  from  the  air  and  form  a  soft  mass. 

The  percentages  above  given  are  by  weight  when  dry ;  and,  as  this 
fine  material  of  the  loam  has  less  specific  gravity  than  that  of  the 
sand,  and  swells  when  moist,  it  would  occupy  much  more  of  the 
space  in  the  interstices  of  the  coarser  grains. 

The  amount  of  alumina  in  the  loam,  in  form  to  be  of  use  in 
decolorizing  water,  is  probably  two  or  three  times  as  much  as  in  the 
fine  sand  of  No.  20  a. 
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We  have  spoken  particularly  of  the  ability  to  remove  color  by 
these  filters,  because  this  is,  to  a  considerable  extent,  indicative  of 
the  purification  of  the  water ;  but  color  may  be  removed  completely 
by  a  filter  without  efficient  purification ;  in  fact,  the  purification  by 
Xo.  20,  in  the  fall  of  1888,  when  all  color  was  removed,  was  unac- 
companied by  nitrification,  and  was  not  as  complete  as  in  the  follow- 
ing February  and  March,  when  its  color  was  two-thirds  of  that  of 
the  applied  water;  and  in  August,  1890,  No.  20a,  after  filtering 
the  equivalent  of  300,000,000  gallons  upon  an  acre,  and  then  filter- 
ing at  the  rate  of  half  a  million  gallons  daily,  on  an  acre,  gave  an 
effluent  almost  identical,  in  chemical  composition,  with  that  of  No. 
8,  which  had  filtered  the  equivalent  of  180,000,000  gallons,  while 
the  former  retained  one-third  of  the  color  and  the  latter  was 
colorless. 

Bacteria  in  the  Effluent  of  No.  20  a. 

The  number  of  bacteria  found  in  a  cubic  centimeter  of  the  effluent 
from  this  tank,  at  different  dates,  is  given  in  the  following  table; 
and  the  monthly  averages,  together  wnth  those  of  the  applied  water, 
may  be  found  in  t!ic  tal)lc  previously  given. 

The  average  number  for  the  year  found  in  the  city  water  was  99, 
and  in  the  filtered  effluent  was  17,  per  cubic  centimeter. 

Number  of  Bacteria  per  Cubic  Centimeter  found  in  the  Effluent  of  Tank  No.  20  a. 


Datk. 

Number 

uf 
Bacteria. 

liATB. 

Number 

of 
Bacteria. 

Datk. 

1 

Number 

of 
Uacteria. 

Date. 

Number 

of 
Bacteria. 

1989. 

1889 -Con. 

1    1 890 -Con. 

1890 -Con. 

July     30,      . 

16 

Nov.    16,     . 

15 

'  Feb.     14,     . 

72 

May     20,     . 

25 

Aug.      6,      . 

5 

21.      . 

10 

1              18.     . 

6 

27,      . 

33 

8.      . 

4 

Dec.       4.      . 

7 

!              2».     . 

6 

81,      . 

20 

12,      . 

12 

10.      . 

5 

1  March  11,     . 

6 

June      3,     . 

23 

19,      . 

31 

17,      . 

8 

1              19.     . 

89 

6,     . 

24 

27.      . 

63 

1890. 

i               24.      . 

8 

10,     . 

U 

Sept.      2.      . 

14 

Jan.       1.     . 

14 

April     1.     . 

81 

17.     . 

13 

10.      . 

18 

7.     . 

6 

8.     . 

28 

24.     . 

7 

16,      . 

21 

14.     . 

82 

15.     . 

18 

July       1.     . 

30 

Oct.        2.      . 

8 

21,      . 

4 

!      «.  • 

9 

8.     . 

21 

10.      . 

6 

28.      . 

20 

1      ».  . 

12 

15,      . 

8 

16.      . 

6 

Feb.       4,      . 

4 

iM.y      «.     . 

« 

22.      . 

1 

25,      . 

b 

8.      . 

13 

1              13.     . 

17 

29.      . 

7 

Nov.      6,     . 

6 

_!2 

11.     . 

14 

1 

1 
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TABLES  OF  CHEMICAL  ANALYSES 

AND 

DAILY  OBSERVATIONS  OF  EFFLUENT 

FROM 

Filter  Tank  No.  20a. 


FILTER    TANK    No.   20a. 

Jdljr  to  ]>e«eniber,  1889. 


"^  ~  " 

"^■s 

'  ItKAIDrR  OK 

NlTR()GKK 

1  Tkmper- 

il 

Datb. 

^'0 

«  J 

3  S 

EVAI'OKATIOS. 

AB 

!   ATrBE.  ' 

1=5 

s 

s 

1     .1 

3 

p 

1 

b4 

i 

u. 

< 

•5 
S 

9 
CO 

1 

S 

ST. 

J  i  ! 

1880. 

1 

1    1 

726 

July  30,  . 

90 

.80 

2.52 

.0004 

.0042 

.0046 

.20 

.0200 

.0000 

70* 

-   ^ 

_ 

i  Aug.  2,  . 

137 

.80 

2.72 

.0002 

.0072 

.0074 

.20 

.0220 

.0000 

'70- 

73*   0 

_ 

6,. 

101 

.80 

2.72 

.0002 

.0052 

.0054 

.20 

.0260 

.0000 

1  69*  76«.  0 

- 

9,  . 

136 

.80 

2.M 

.0000 

.0006 

.0066 

.19 

.0400 

.0000 

e^  74'  ,  0 

_ 

13,  . 

119 

1.28 

2.76 

.0OU2 

.0076 

.0078 

.17 

.0260 

.0000 

«»•  72*  .1 

_ 

16.  . 

76 

- 

. 

.0000 

.0092 

.0092 

.20 

.0250 

.0000 

;  68-  67  .1 

_ 

20.  . 

30 

1.80 

3.25 

.0002 

.0070 

.0072 

.20 

.0280 

.0000 

'  OS- 

69*  0 

_ 

23,  . 

49 

« 

_ 

.0004 

.0084 

.0088 

.19 

.0270 

.0000 

es' 

71*   0 

8,064 

27,. 

86 

'   - 

- 

.0008 

.0076 

.0084 

.20 

.0240 

.0000 

1  ^' 

70*   0 

„ 

Sept.  3,  . 

41 

1 

.92 

3.48 

.0008 

.0076 

.0084 

.22 

.0170 

.0000 

68- 

70*  ,  0 

_ 

10,  . 

87 

1.52 

3.60 

.0008 

.0086 

.0094 

.25 

.0260 

.0001 

,  «S' 

IV      0 

. 

17,  . 

39 

1.30 

3.90 

.0006 

.0080 

.0086 

.26 

.0280 

.0000 

67*  67«   0 

- 

24,  . 

87 

1.00 

3.00 

.0012 

.0OS4 

.0096 

.25 

.0200 

.0000 

66* 

67*   0 

4,164 

30,  . 

87 

1.30 

3.50 

.0008 

.0070 

.0078 

.23 

.0180 

.0000 

9ar 

,V     0 

« 

Oct.  7,  . 

89 

1.20 

3.40 

.0002 

.0072 

.0074 

.22 

.0180 

.0000 

6T 

w'.l 

14,  . 

38 

1  1.80 

2.6") 

.0002 

.0100 

.0102 

.20 

.0080 

.0000 

59* 

W  .1 

21,  . 

87 

2.00 

2.60 

.0012 

.0100 

.0112  1 

.21 

.0140 

.0000 

55* 

51'  .1 

6,377 

28,. 

39 

1.80 

2.70 

.0006 

.0124 

.0130 

.21 

.0100 

.0000 

|52- 

4»'  .1 

1 

Nov.  4,  . 

40 

_ 

. 

.0004 

.0098 

.0102 

.21 

.0130 

.0000 

■  51* 

50*  '  .2 

_ 

11,  . 

89 

,  1.10 

8.40 

.0006 

.0108 

.0114 

.20 

.0060 

.0000 

61* 

49'     .1 

- 

18.  . 

38 

I  1.30 

2.30 

.0002 

.0090 

.0092 

.22 

.0110 

.0000 

SO" 

50'  .1 

6.558 

25,  . 

39 

1.20 

3.10 

.0006 

.10102 

.0108 

.22 

.0110 

.0000 

48* 

43'  .1 

_ 

Dec.  2,  . 

39 

1.40 

•2.60 

.0006 

.0086 

.0092 

.20 

.0140 

.0000 

46- 

45«  .1 

_ 

9.  . 

40 

,  1.90 

2.40 

.0016 

.0108 

.0124 

.19 

.0160 

.0000 

44' 

iV     .1 

- 

16,  . 

38 

1.20 

2.30 

.0004 

.0«»80 

.0084 

.20 

.0160 

.0000 

43' 

43*   - 

_ 

23,  . 

87 

.0002 

.0070 

.0072 

.18 

.0200 

.0000 

,  42' 

44*  .1 

7,703 

30,  . 

38 

.90 

3.10 

.0014 

.0098 

.0112 

.18 

.0160 

.0000 

!«• 

«-,|. 

July  to  December  incluHlve,  effluont  clear  and  free  from  aediment.  Ao^gust  and  September, geoenlJr 
DO  color.    October  1  to  December  23,  color,  0.1.  aud  0.2  thercatter. 

June  28.  —  Sand  removed  from  tank.  July  1.  —  Tank  filled  wUh  fresh  iiand.  17.  —  Outlet  closod.wd 
water  applied  till  level  with  top  of  sand.  19. —  Outlet  opent'd.  and  tank  allowed  to  drain.  BegioniOk' 
July  25,  water  waH  applied  forty  Ave  seconds  each  hour  for  fourteen  hoars  daily,  except  Sunday.  ¥\rH 
8  gallons  applied  disappeared  in  6.25  minutes. 

August  V.i.  —  Water  on  surface  before  the  regular  hourly  application  at  4  p.m.,  scventy-Ave  haadredtbr 
Inch.  Rocrlnning  August  14,  water  was  applied  only  flfteeo  seconds  each  hour  for  fourteen  taour«dsii}'i 
except  Sunday. 

Octobeh  9  to  18.  —  Water  appMed  disappeared  less  readily  In  the  afternoon,  and  generally  therarfsce 
was  continually  covered  from  3  p.m.  to  5  p.m  Ociobrr  19  to  November  15.  —  Siu-face  generally  co«rfd 
from  1  P.M.  to  7  P.M.  November  16  to  December  6,  Irora  12  m.  to  9  p.m.  December  6  to  81,  from  Ux. 
to  7  P.M. 
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Filler  Tank  No.  20a.—  Concluded. 

ammmwaej  *•  #aly,  IS**. 


111 

J3 

Rksiduk  on 
Evaporation. 

Ammokia. 

NiTROOBN 
AS 

Tkupbr- 

ATCRK. 

Datb. 

ii 

1.20 

i, 

H 

_i_ 

1^ 

< 

.  1  i 

j 

9. 
.0200 

9i 

1 

i 
1 

1 

« 

Jan.   6, . 

36 

2.60 

.0008 

.0078 

.0086 

.18  1 

.0000 

41* 

44' 

.2 

- 

13.. 

37 

1.30 

2.50 

.0020 

.0108 

.0128 

.18  1 

.0100 

.0000 

40* 

41* 

.2 

- 

20.. 

38 

1.10 

2.70 

.0008 

.0090 

.0098 

.19 

.0200 

.0000 

39* 

42- 

!  .2. 

8,843 

27,. 

33 

.90 

2.80 

.0010 

.0070 

.0080  1 

.19  I 

.0160 

.0000 

38* 

4r 

.2 

. 

Feb.  4.  . 

85 

.00 

3.20 

.0016 

.0082 

.0098 

1 
.19 

.0100 

.0000 

88- 

41* 

.2 

- 

11.. 

88 

1.00 

2.90 

.0018 

.0084 

.0102 

.19  1 

.0200 

.0000 

sr 

43' 

.2 

- 

18,. 

30 

1.10 

2.30 

1  .0016 

.0052 

.0068 

.19' 

.0160 

.0000 

37* 

43* 

.2 

9.887 

25.. 

37 

1.00 

2.60 

;  .0008 

.0086 

.0094  ' 

.18' 

.0140 

.0000 

37* 

40* 

.2 

- 

Mar.  4,. 

34 

.80 

2.40 

'  .0016 

.0100 

' .0116  . 

.19! 

.0110 

.0000 

36* 

46* 

.2 

- 

11,. 

36 

1.10 

2.80 

1  .0020 

.0102 

.0122  1 

.17  1 

.0200 

.0000 

86- 

42- 

.2 

- 

18,. 

37 

.60 

2.80 

i  .0020 

.0096 

.0116  , 

.18  , 

.0180 

.0000 

36' 

46* 

.2 

11,004 

25.. 

38 

1.30 

2.10 

i  .0006 

.0074 

.0080 

.16  ' 

1 

.0120 

.0000 

36- 

43' 

.2 

- 

April  1, . 

38 

1.10 

2.70 

1 
.0008 

.0088 

1 
.0096  ; 

.15  1 

.0200 

.0000 

37- 

44- 

.2 

- 

8,. 

87 

1.00 

2.30 

.0012 

.0080 

.0092  ' 

.15 

.0220 

.0000 

39- 

47- 

.1 

- 

15.. 

37 

1.00 

3.10 

.0016 

.0089 

.0104  1 

.16 

.0220 

.0000 

40- 

48' 

.2 

- 

22,. 

36 

1.60 

2.60 

.0012 

.0098 

.0110 

.14 

.0200 

.0000 

42- 

49* 

.2 

12,114 

2».. 

36 

1.40 

2.10 

.0014 

.0076 

.0090 

.16 

.0080 

.0000 

45° 

6r 

- 

- 

May  6,. 

36 

.90 

2.20 

.0008 

.0100 

.0108  1 

.14 

.0260 

.0000 

48- 

67' 

- 

13,. 

86 

-' 

_ 

.0004 

.0074 

.0078  1 

.13 

..0200 

.0000 

49* 

58* 

- 

2%. 

36 

1.40 

2.10 

.0012 

.0036 

.0008  1 

.12: 

.0280 

.0000 

62* 

63' 

13,2C7 

27,. 

36 

.70 

2.60 

.0020 

.0110 

.0130 

.12  1 

.0240 

.0000 

64* 

63* 

June  3, . 

35 

. 

. 

.0018 

.0102 

.0120 

1 
.12  , 

.0070 

.0000 

55* 

62* 

- 

10,. 

36 

- 

- 

.0018 

.0112 

.0130  1 

.13, 

.0220 

.0000 

66" 

62" 

- 

17,. 

37 

- 

- 

.0018 

.0112 

.0130 

.12  , 

.0240 

.0000 

67" 

64* 

14,302 

24,. 

34 

- 

- 

.0006 

.0060 

.0072  ' 

.15 

.0220 

.0000 

60* 

71- 

- 

Jaly  1,. 

36 

. 

. 

.0014 

.0086 

1 
.0100  ' 

.16  , 

.0300 

.0000 

_ 

78- 

- 

8,. 

35 

- 

- 

.0014 

.0066 

.0080 

.18 

.0300 

.0000 

- 

74- 

- 

15.. 

38 

- 

- 

.0012 

.0080 

.0092 

.20 

.0220 

.0000 

- 

73- 

15,252 

22.. 

38 

~ 

■" 

.0010 

.0070 

.0080 

■^1 

1 

.0200 

.0000 

"* 

73- 

January  to  July  inclusive,  effluent  clear  and  free  from  sediment,  with  color  0.2  till  May  6,  and  0.1 
thereafter. 

January  1  to  25.  Surface  generally  covered  from  12  x.  or  1  P.il.  to  7  or  9  p.m.  January  26  to 
February  18,  from  11  a.m.  to  9  p.m.  February  10  to  28.  from  12  m.  to  7  P.M.  March  1  to  27,  from  12  m. 
or  1  P  M.  to  7  or  9  p.m.  March  28  to  April  6,  from  1  p.m  to  7  p.m.  April  7  to  21,  from  12  m.  to  7  p.m. 
April  22  to  May  25,  from  12  M.  or  1  p.m.  to  7  or  9  p.m.  May  26  to  July  23,  from  11  a.m.  or  12  m.  to  7  or  9 
P.M. 
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PURIFICATION  OF  SEWAGE  BY  CHEMICAL 
PEECIPITATION. 


Very  complete  series  of  experiments  upon  purification  of  sewage 
by  chemical  precipitation  have  been  made  at  the  experiment  station 
of  the  Board  at  Lawrence,  by  Mr.  Hazen,  the  chemist  in  charge, 
and  his  results  are  fully  presented  in  his  report,  appended. 

Lime,  copperas,  alum  and  sulphate  of  iron  were  used  as  precip- 
itants,  either  alone  or  in  combination  ;  and  the  experiments  were  so 
conducted  as  to  determine  the  quantity  of  each,  when  used  alone, 
that  would  give  the  best  result ;  and  the  best  proportions  in  which 
any  of  them  could  be  used  together;  and  the  resulting  cost. 

The  most  satisfactory  results  were  those  obtained  with  sulphate  of 
iron.  The  second  in  order  were  with  copperas  and  lime ;  the  thiiil 
were  with  lime  ;  and  the  least  satisfactory  were  with  alum. 

The  results  are  not  given  in  form  to  compare  with  thoie  obtained 
by  filtration  through  sand  by  the  sum  of  ammonias,  but  we  can 
compare  the  relative  purification  of  the  two  methods  by  the  resulting 
albuminoid  ammonias.  While  our  filters  removed  99.5  per  cent,  of 
the  organic  impurities  of  the  sewage,  as  determined  by  the  relation 
of  the  sum  of  ammonias  of  the  efiluent  to  that  of  the  sewage,  at  the 
same  time  they  removed  98  per  cent,  of  the  albuminoid  ammonia. 
We  can  then  compare  the  completeness  of  purification  of  sewage  by 
chemical  precipitation  with  that  by  intermittent  filtration,  by  com- 
paring the  percentage  of  the  albuminoid  ammonias  remaining  in  the 
sewage  after  precipitation  with  two  per  cent.,  which  is  the  average 
amount  of  albuminoid  ammonia  remaining  in  the  filtered  effluent. 

The  experiments  on  precipitation  show  that  there  is  a  definite 
quantity  of  lime  that  will  give  the  best  results  with  any  given 
sewage.  This  quantity  depends  upon  the  character  of  the  sewage, 
and  is  the  quantity  that  is  necessary  to  neutralize  the  carbonic  acid. 
This  quantity  is  the  most  economical  to  use,  as  a  larger  quantity 
would  produce  no  better  result,  and  a  smaller  quantity  would  pro- 
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duce  a  result  poorer  in  proportion  to  its  cost.  With  the  ordinary- 
sewage  at  Lawrence  this  quantity  of  lime  is  found  to  be  about 
1,800  pounds  for  1,000,000  gallons  of  sewage;  and,  at  the 
wholesale  price  there  of  $9  a  ton,  the  annual  cost  of  lime  per  inhab- 
itant, upon  the  assumption  that  there  are  100  gallons  of  sewage 
daily  for  each,  would  be  30  cents. 

With  the  other  precipitants  used,  viz.,  alum,  copperas  and  lime, 
and  ferric  sulphate,  the  purification,  with  the  same  cost  of  precipi- 
tants, was  not  quite  so  good  with  alum  as  with  lime,  and  was  a  little 
better  with  copperas  and  lime,  and  with  ferric  sulphate. 

At  greater  cost,  these  other  precipitants  caused  more  impurities 
to  be  removed ;  but  the  increased  amount  so  removed  was  not  pro- 
portionately so  great  as  the  increased  cost. 

To  fnake  as  definite  a  comparison  as  practicable,  on  two  occasions 
portions  of  sewage  well  mixed  from  the  same  tank  were  treated  with 
each  of  the  precipitants,  in  quantities  that  would,  at  present,  cost 
30  cents  per  year  for  treating  100  gallons  of  sewage  daily.  The 
average  results  are  placed  in  the  following  table,  together  with 
results  obtained  by  allowing  the  same  sewage  to  settle  one  hour 
without  any  precipitant,  and  those  obtained  in  the  laboratory  by 
filtering  the  same  sewage  through  filter  paper,  and  the  general 
results  obtained  by  intermittent  filtration  through  four  or  five  feet 
of  sand :  — 


COKOITIOXS  OF  TbKATHKKT. 


Percentage  of 
the  Albuminoid 

Ammonia  of 
the  Sewage  that 

was  removed. 


Eiettled  odo  hour,  — 

With  1,800  pounds  of  lime  per  1,000,000  gallons 

With  650  pounds  of  alum  per  1,000,000  gallons 

With  1,000  pounds  of  copperas  and  700  pounds  of  Umc  per  1,000,000  gallons, . 
With  2TC  pounds  of  ferric  oxide  in  the  form  of  ferric  sulphate  per  1,000,000  gallons. 
With  no  precipitant 

Filtered  through  paper, 

Filtered  intermittently  through  four  or  five  feet  of  sand, 


62 
61 
67 
69 
21 

39 


When  the  amounts  of  alum  and  of  ferric  oxide  were  increased  one- 
third,  making  their  yearly  cost  40  cents  for  100  gallons  daily,  the 
amount  of  albuminoid  ammonia  removed  was  increased  nearly  10 
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per  cent.,  being,  for  alum,  56  per  cent.,  and  for  ferric  sulphate,  64 
per  cent. 

An  average  of  all  of  the  experiments  shows  that,  with  a  cost  of 
30  cents  as  above,  copperas  and  lime  mixed  in  the  proportions  above 
given,  and  ferric  sulphate,  remove  about  58  per  cent,  of  the  albu- 
minoid ammonia;  that  lime  removes  about  55  per  cent.,  and  alum 
removes  about  51  per  cent. 

At  higher  costs,  copperas  with  lime,  and  ferric  sulphate,  remove 
increasing  quantities  up  to  about  66  per  cent.,  —  when  the  cost  is  45 
cents,  —  with  indications  that  there  would  be  little  if  any  increase 
above  this  percentage  at  still  higher  costs.  Alum  removes  increas- 
ing percentages  at  costs  above  30  cents,  but  the  results  are  five  or 
six  per  cent,  below  those  with-  ferric  sulphate. 

The  general  result  with  these  precipitants  is,  that  from  one-half 
to  two-thirds  of  the  organic  impurities  of  the  sewage,  as  indicated 
by  the  albuminoid  ammonia,  may  be  removed  by  chemical  precipi- 
tation, while  98  per  cent,  may  be  removed  by  intermittent  filtra- 
tion ;  or,  there  remains  in  the  effluent,  after  chemical  precipitation, 
from  sixteen  to  twenty-four  times  as  much,  or  an  average  of  twenty 
times  as  much  organic  impurity  as  in  the  effluent  from  intermittent 
filtration. 

The  number  of  bacteria  remaining  in  the  effluent,  after  chemicjil 
precipitation,  averages,  from  these  experiments,  about  five  per 
cent,  of  those  in  the  sewage ;  while  the  number  found  in  the 
effluent  from  two  of  the  filters  we  have  been  considering  averages 
five  one-hundredths  of  one  per  cent,  of  those  in  the  sewage,  and  the 
number  found  in  the  effluent  from  three  of  the  filters  avei-ages  but 
two-thousandths  of  one  per  cent,  of  the  number  in  the  sewage,  and 
none  of  these  are  believed  to  come  from  the  sewage. 

The  best  results  that  we  have  obtained  by  chemical  precipitation, 
—  and  we  know  of  no  others  that  are  so  good,  — leave  as  much  as 
one-third  of  the  nitrosrenous  or«:anic  matter  of  the  sewasre  in  the 
effluent ;  this  is  an  abundant  food  supply  for  the  unlimited  growth 
of  the  large  number  of  bacteria  that  remain.  The  number  is  called 
large,  because  five  per  cent,  of  700,000,  or  35,000,  in  a  thimbleful, 
is  a  large  number  ;  and,  if  any  of  these  are  disease-producing  germs, 
there  would  be  no  safety  in  turning  such  a  liquid  into  a  drinking- 
water  stream ;  and,  whether  it  would  be  admissible  to  turn  a  liquid 
containing  from  one-third  to  one-half  as  much  nitrogenous  organic 
matter  as  sewage,  with  abundant  bacteria,  into  any  other  stream, 
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would  depend  upon  nearly  the  same  conditions  that  would  attend 
discharging  a  less  amount  of  sewage  into  the  same  stream.  There 
would,  however,  be  this  difference,  and  it  is  an  important  one, — 
the  objectionable  appearance  would  have  been  removed,  and  would 
not  come  again,  unless,  collecting  in  pools  or  in  eddies  or  on  flats,  or 
rising  to  the  surface  on  a  liquid  having  greater  specific  gravity, 
putrefaction  of  the  remaining  organic  matter  should  follow. 

Th«  remaining  organic  matter  would  probably  not  putrefy  as 
readily  as  the  original  sewage  diluted  to  the  same  extent ;  but  that 
it  is  not  so  stable  a  compound  that  it  will  not  readily  decompose 
under  favorable  conditions,  is  shown  by  the  fact  that  five-sixths  of 
it  may  be  nitrified  while  moving  slowly  for  one  day  over  gravel 
stones  in  intermittent  filtration. 

Such  an  eflluent  as  may  be  obtained  from  chemical  precipitation 
of  sewage,  turned  into  a  large  and  rapidly  flowing  stream,  or  into  a 
tidal  current  that  would  soon  take  it  to  sea,  would  be  disposed  of 
without  making  a  nuisance,  when  crude  sewage  might  be  very 
objectionable.  Under  such  circumstances,  and  there  may  be  others 
where  the  conditions  for  intermittent  filtration  are  unfavorable,  the 
partial  purification  of  sewage  by  chemical  precipitation  may  be  the 
best  practicable  way  to  avoid  a  nuisance.  But  the  incompleteness 
of  the  purification  and  the  cost  of  30  cents  per  inhabitant  yearly  for 
chemicals,  together  with  the  additional  expense  of  manipulation  and 
disposing  of  the  sludge,  will  be  likely  to  confine  the  application  of 
chemical  precipitation  in  the  purification  of  sewage  to  narrow  limits. 
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SUMMARY  OF  THE  ADDITIONAL  RESULTS 


PILTEATION  OF  SEWAGE  AND  OF  WATER, 


OBTAINED    IN    1890. 


The  experiments  upon  the  purification  of  sewage  and  of 
water,  by  intermittent  filtration,  have  been  continued  through 
1890,  partly  with  new  materials,  but  principally  with  in- 
creasing quantities  of  sewage  or  of  water,  upon  materials 
that  had  been  in  use  as  filters  during  the  previous  two  years. 

Among  the  most  interesting  results  obtained,  upon  the  in- 
termittent filtration  of  sewage,  were  those  in  which  the  fil- 
tering material  was  entirely  of  gravelstones  as  large' as 
beans.  The  sand  had  not  only  been  screened  out,  but  all  of 
the  stones  had  been  washed,  so  that  no  sand  adhered  to 
them,  before  they  were  put  into  the  tank.  They  formed  a 
bed  five  feet  in  depth  ;  and  for  nine  months  sewage  pumped 
directly  from  the  city  sewer  was  applied  nine  times  a  day, 
for  six  days  in  the  week,  in  quantity  equivalent  to  81,400 
gallons  per  acre  per  day.  The  quality  of  the  effluent  varied 
somewhat ;  but  during  the  last  two  months,  June  and  July, 
after  the  above  quantity  had  been  applied  daily  for  more 
than  seven  months,  we  obtained  the  following  average 
results :  — 
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Here  we  find  that  98.6  per  cent,  of  the  organic  matter  of 
the  sewage,  shown  by  the  sum  of  ammonias,  is  removed  by 
being  burned  and  converted  into  nitrates,  and  more  than  99 
per  cent,  of  the  bacteria  that  were  in  the  sewage  were  killed. 
We  must  regard  this  as  a  remarkably  good  result,  with  an 
effluent  averaging  70,000  gallons  an  acre  for  every  day  in  the 
year. 

The  foregoing  results  were  so  satisfactory  that  the  quan- 
tity was  increased  by  applying  the  same  amount  hourly  for 
fourteen  hours,  instead  of  for  nine  hours.  The  quantity  ap- 
plied was  then  the  equivalent  of  126,600  gallons  per  acre 
per  day,  for  six  days  in  the  week.  This  quantity  was  con- 
tinued for  three  months,  until  Oct.  24,  1890,  with  very  little 
change  from  the  result  previously  obtained. 

The  average  results  for  the  last  month  were  as  follows  :  — 
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We  still  find  98.5  per  cent,  of  the  organic  matter  of  the 
sewage  is  removed,  and  Hs  nitrogen  is  in  the  mineral  form 
of  nitrates ;  and  more  than  99.6  per  cent,  of  the  bacteria  are 
killed.  This  result  was  so  satisfactory  that  the  quantity  was 
still  further  increased  in  November. 

These  results  show  more  definitely  than  any  others  the  es- 
sential character  of  intermittent  filtration.     We  see  that  it  is 
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not  a  straining  process.  By  the  application  of  small  quan- 
tities of  sewage  over  the  whole  surface  of  the  tank  each 
hour,  each  stone  in  the  tank  was  kept  covered  with  a  thin 
film  of  liquid,  very  slowly  moving  from  stone  to  stone,  from 
the  top  towards  the  bottom,  and  continually  in  contact  with 
air  in  the  spaces  between  the  stones.  The  liquid,  starting 
at  the  top  as  sewage,  reached  the  bottom  within  twenty-four 
hours,  with  the  organic  matter  nearly  all  burned  out.  The 
removal  of  this  organic  matter  is  in  no  sense  a  mechanical 
one  of  holding  back  material  between  the  stones,  for  they 
are  as  clean  as  they  were  a  year  ago ;  but  it  is  a  chemical 
change,  aided  by  bacteria,  by  which  the  organic  substances 
are  burned,  forming  products  of  mineral  matter,  which  pass 
off  daily  in  the  purified  liquid. 

The  liquid  flowing  out  at  the  bottom  is  a  clear,  bright 
water,  comparing  favorably,  in  every  respect  that  can  be 
shown  by  chemical  or  biological  examination,  with  water 
from  some  of  the  wells  on  the  streets  of  our  cities  that  are 
used  for  refreshing  draughts  by  the  public  during  the  sum- 
mer. 

'Filler  Tank  JSTo.  1. 
This  is  composed  of  very  coarse  mortar  sand.  From  Oct. 
11  to  Dec.  3,  1889,  a  trap  was  upon  the  outlet,  excluding 
air,  and  the  purification  was  not  so  satisfactory  as  previously. 
Iq  accordance  with  the  conclusions  reached  in  the  previous 
year,  the  surface  of  this  tank  was  spaded  under  to  a  depth 
of  about  four  inches  on  November  27  ;  and,  for  the  purpose 
of  washing  out  the  salt  that  was  in  the  tank  from  sewage, 
city  water  was  applied,  500  gallons  three  days  in  the  week, 
from  November  28  to  December  7.  This  was  done  for  the 
purpose  of  determining,  upon  again  applying  sewage,  by  the 
increase  of  chlorine,  how  rapidly  the  foremost  particles  of  sew- 
age flow  through  this  sand,  when  it  is  applied  in  considerable 
quantity.  While  city  water  was  being  applied,  the  average 
analysis  of  the  eflluent  was  as  follows,  in  parts  per  100,000 :— 
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On  the  last  day  the  chlorine  was  reduced  to  0.46  parts. 
Sewage  began  to  flow  on  to  the  sand  at  10.53  on  December  9, 
and  500  gallons  continued  to  flow  on  till  11.44.  There  was 
no  increase  in  flow  at  the  outlet  at  11.29,  but  at  11.32  the 
flow  out  had  increased  from  one-fortieth  of  a  gallon  per 
minute  to  one-tenth  of  a  gallon,  and  in  the  next  three 
minutes  the  rate  of  flow  increased  to  nine-tenths  of  a  gallon 
per  minute,  and  thereafter  continued  increasing  until  12 
o'clock,  when  the  rate  was  fifteen  gallons  per  minute. 

At  11.32  the  number  of  bacteria  in  a  cubic  centimeter  of 
the  effluent  was  70,  a  little  higher  than  it  had  been  through  the 
morning;  but  at  11.35  the  number  hud  increased  to  2,190 
per  cubic  centimeter,  and  three  minutes  later  the  number 
was  1,886.  The  increase  to  2.190  at  11.35  indicates  that 
as  much  as  two-thirds  of  one  per  cent,  of  the  effluent  was 
then  of  the  sewage,  which  contained  300,000  bacteria  per  cubic 
centimeter.  At  this  time  not  more  than  six  gallons  of  liquid 
had  flowed  out  after  the  first  sewage  was  put  on  the  surface, 
a  period  of  forty-two  minutes  ;  but  it  was  not  more  than  six 
minutes  after  the  application  of  sew^e  began  to  increase  the 
flow  at  the  outlet. 

The  indication  of  the  arrival  of  the  most  advanced  particles 
of  sewage  at  the  outlet,  by  the  increase  in  chlorine,  comes  a 
little  later  than  that  by  the  increase  in  bacteria.  One 
reason  may  be  that  the  chlorine  at  the  outlet  was  decreasing 
while  sewiige  was  coming  down  through  the  sand,  and 
perhaps  it  would  have  decreased  faster  if  some  forward 
particles  of  sewage  had  not  added  some  chlorine. 

At  11.35  the  chlorine  of  the  effluent  was  0.60  parts;  at 
11.36,  0.52  parts;  at  11.38,  0.46  parts;  and  at  11.41  it  had 
stopped  decreasing,  being  still  0.46  parts,  and  after  this  it 
steadily  increased.  This  indicates  that  the  forward  particles 
of  sewage  reached  the  outlet  when  fourteen  gallons  of 
effluent  had  been  pressed  out  by  sewage  applied  at  the 
surface.  This  was  at  11.39,  or  four  minutes  later,  and 
after  eight  more  gallons  had  passed  out,  than  when  the 
increase  in  the  number  of  bacteria  indicated  the  arrival  of 
sewage. 

From  this  we  learn  that  the  1,000  gallons  of  liquid 
held  in  the  smaller  interstices  of  this  coarse   sand,  after  it 
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has  been  draining  for  a  day  or  more,  are  to  a  very  Bmall 
extent  pushed  down  by  the  forward  particles  of  the  incomiDg 
sewage ;  but  that  some  of  these  particles  move  rapidly  down 
through  the  larger  interstices,  pushing  before  them  but 
little  of  the  contained  water,  and  reach  the  outlet  within 
three-quarters  of  an  hour  after  being  applied  at  the  surface, 
having  pushed  before  them  not  more  than  one  per  cent,  of 
the  contained  water. 

We  have  the  following  series  of  analyses  of  sewage  and 
of  efl3[uent  during  the  day,  Dec.  9,  1889  : — 
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These  observations  show  that  when  the  chlorine  began  to 
increase,  the  free  and  albuminoid  ammonia  also  increased ; 
and 9  soon  after,  the  nitrates  increased. 

To  determine  whether  the  ammonias  and  nitrates  pass 
through  in  quantities  proportioned  to  the  chlorine,  or  whether 
they  undergo  important  changes  in  the  quick  passage  of  the 
more  advanced  particles,  we  have  computed  the  different 
forms  of  nitrogen,  as  if  they  came  through  without  change, 
in  proportion  to  the  amount  of  chlorine.  The  assumption  is 
made,  in  accordance  with  the  condition  of  the  effluent  on  the 
previous  days,  that  thirty-three  per  cent,  of  liquid  like  that 
of  the  effluent  in  the  morning  before  sewage  was  applied, 
formed  one  portion  of  the  effluent  continually,  and  this, 
together  with  such  amounts  of  city  water  from  the  upper 
part  of  the  tank,  and  of  applied  sewage,  as  will  give  the 
existing  chlorine  at  any  hour,  make  up  the  existing 
effluent. 

The  actual  analyses  of  the  effluent  at  different  times,  in 
the  forty  minutes  after  sewage  appeared  at  the  outlet,  are 
given  in  the  following  table,  followed  by  the  computed 
analyses : — 
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These  results,  though  approximate  only,  give  assurance  of 
a  marked  chemical  change  within  a  few  minutes, '  so  that 
sewage  which  is  ten  minutes  longer  on  the  passage  through 
the  sand  comes  out  with  free  and  albuminoid  ammonia  and 
the  number  of  bacteria  much  more  reduced  than  that  having 
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a  shorter  passage.  The  nitrates  also  iDdicate  an  iDcrease, 
with  a  short  increase  in  the  time  of  passage,  which  is  con- 
firmed by  other  experiments  ;  but  the  amount  of  this  increase 
and  the  change  in  the  nitrites  are  the  least  certain  points  io 
the  computation. 

The  short  time  in  which  sewage — applied  in  large  quantity 
after  an  intermission — passes  through  five  feet  of  very  coarse 
sand,  before  nitrification  can  become  complete  and  before  all 
of  the  bacteria  can  be  killed,  indicates  the  advantage,  with  such 
material,  of  more  frequent  applications  of  small  quantities. 

The  longer  time  required  by  a  fine  sand  for  the  first 
application  of  sewage  to  pass  through  is'shown  by  an  experi- 
ment ou  Tank  No.  2,  when,  under  similar  circumstances,  it 
required  a  week  for  the  most  forward  particles  to  reach 
the  outlet. 

Upon  resuming  the  application  of  sewage,  it  was  found 
that,  while  the  nitrates  were  high,  the  ammonias  were  also 
higher  than  in  the  previous  year.  This  condition  continued 
for  about  two  months,  or  until  the  middle  of  February, 
1890.     The  average  result  was  as  follows :  —    . 

Free  ammonia,  .        .  0.1048,  or  7  per  cent,  of  that  of  the  sewage. 
Albuminoid  ammonia,  0  0330,  or  5  per  cent,  of  that  of  the  sewage. 
Sam  of  ammonias,     .  0. 1378,  or  7  per  cent,  of  that  of  the  sewage. 
Chlorine,    .        .        .  4.56. 
Nitrates,     .        .        .1  0677. 
Nitrites,      .        .        .  0.0010. 
Quantity  per  acre  daily,  .52,000  gallons. 
Bacteria  per  cubic  centimeter,  2,705. 

After  this  the  nitrates  increased  for  three  months  from  L3 
parts  to  3.0  parts  per  100,000,  and  the  sum  of  ammonias 
decreased  until  the  middle  of  May,  after  which,  for  a  month, 
while  filtering  at  the  rate  of  50,000  gallons  per  acre  per  day, 
the  resulting  analyses  were  as  follows :  — 

Free  ammonia,   .        .  0.0028,  or  0.1  of  1  per  cent,  of  that  of  the  sewag«. 
Albuminoid  ammonia,  0.0202,  or  3  per  cent,  of  that  of  the  sewage. 
Sum  of  ammonias,     .  0.0230,  or  1  per  cent,  of  that  of  the  sewage. 
Chlorine,    .        .        .  6.09. 
Nitrates,     .        .        .  2.3583. 
Nitrites,      .        .        .0  0002. 
Bacteria  per  cubic  centimeter,  3,296. 
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After  the  middle  of  June  the  quantity  filtered  was 
increased  to  77,000  gallons  per  acre  per  day,  with  the  fol- 
lowing average  result  for  three  months  :  — 

Pc^e  ammonia,  .        .0.0152,  or  0.7  of  1  per  cent,  of  that  of  the  sewage. 
Albuminoid  ammonia,  0.0406,  or  5  per  cent,  of  that  of  the  sewage. 
Sum  of  ammonias,     .  0.0558,  or  1.8  per  cent,  of  that  of  the  sewage. 
Chlorine,     .        .        .  8.46. 
Nitrates,     .        .        .  1.6100. 
Nitrites,      .        .        .  0.0022. 
Bacteria  per  cubic  centimeter,  21,038. 

The  quantity  filtered  was  again  increased.  The  average 
quantity  for  the  next  two  months  was  102,000  gallons  per 
acre  per  day,  and  we  have  the  following  very  satisfactory 
average  analysis :  — 

Tree  ammonia,   .        .  0.0143,  or  0.7  of  1  per  cent,  of  that  of  the  sewage. 
Albuminoid  ammonia,  0.0223,  or  4  per  cent,  of  that  of  the  sewage. 
Sum  of  ammonias,     .  0.0366,  or  1.3  per  cent,  of  that  of  the  sewage. 
Chlorine,     .        .        .  6.24. 
Nitrates,     .        .        .  1.0562. 
Nitrites,      .        .        .  0.0003. 
Bacteria  per  cubic  centimeter,  12,334. 

This  sand  is,  at  the  end  of  its  third  year  of  use,  filtering 
about  double  the  quantity  filtered  at  the  end  of  the  second 
year,  with  a  rather  purer  eflSiuent.  The  better  result  is 
attributed  to  raking  over  the  surface,  to  the  depth  of  one 
inch,  once  a  week. 

Filter  Tank  JVb.  2. 
This  filter  of  very  fine  sand  was  allowed  to  stand  through 
a  part  of  November,  1889,  without  receiving  sewage,  and 
on  November  26  the  surface  was  spaded  under  to  the  depth 
of  four  inches.  From  November  29  to  December  13  city 
water  was  applied  to  the  tank  instead  of  sewage,  till  the 
chlorine  of  the  effluent  was  reduced  to  0.19  parts  per 
100,000,  —  nearly  the  same  as  in  city  water.  The  applica- 
tion of  sewage  was  resumed  December  14,  and  it  was  found 
that  the  increase  in  chlorine  indicated  that  sewage  began  to 
reach  the  bottom  in  small  amount  on  December  20,  after 
1,780  gallons  had  passed  through  ;  that  is,  that  these  forward 
particles  had  passed  by  about  500  irallons  of  water  held  in 
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the  smaller  interstices.  A  slight  increase  in  the  number  of 
bacteria  when  about  40  gallons  less  had  passed  through 
appears  to  have  been  a  somewhat  more  delicate  test  of  tiie 
presence  at  the  outlet  of  the  most  forward  particles  of  the 
sewage.  The  effluent  had  the  full  strength  of  the  chloritie 
of  the  sewage  when  2,800  gallons  had  passed  out,  after  the 
first  sewage  was  applied  at  the  surface.  But,  before  this, 
when  the  chlorine  oi  the  effluent  was  but  one-half  that  of 
the  sewage,  the  nitrates  of  the  effluent  increased  in  one  day 
from  0.2300  parts  to  1.3500  parts  per  100,000;  indicating 
that,  although  nijtriiication  had  been  reduced  by  the  passing 
of  city  water  through  the  filter,  —  for  the  reason  that  there 
was  little  organic  matter  to  be  nitrified,  —  the  conditions  for 
nitrification  had  not  been  lessened ;  so  that,  as  soon  as 
organic  matter  was  presented,  it  oxidized  very  rapidly,  and 
increased  the  nitrates  to  a  larger  percentage  of  the  total 
nitrogen  than  usual. 

The  nitrates  continued  high  through  the  winter,  averaging 
1.072  parts  for  the  next  two  months,  and  then  increased 
through  March  and  April  and  to  the  middle  of  May,  when 
they  were  2.750  parts.  In  the  first  three  months,  January 
to  March,  with  the  usual  quantity  of  42,000  gallons  per  acre 
filtering  daily,  the  ammonias  were  higher  than  usual ;  the 
free  ammonia  averaged  0.0205  parts,  and  the  albuminoid 
ammonia  0.0119  parts,  making  the  sum  of  ammonias  0.0324 
parts  per  100,000,  or  1.5  per  cent,  of  those  of  the  sewage. 

From  April  9  to  June  28,  while  the  same  quantity  was 
filtering,  the  sum  of  ammonias  was  only  0.0130  parts,  or 
0.6  of  one  per  cent,  of  those  of  the  sewage;  the  free 
ammonia  averaged  0.0016  parts,  and  the  albuminoid  ammo- 
nia 0.0114  parts.  The  nitrates  decreased  steadily  from  the 
middle  of  May  to  the  last  of  June,  from  2.750  parts  to  1.000 
part.  Then  the  surface  of  the  tank  was  raked  over  to  the 
depth  of  one  inch,  and  the  nitrates,  in  one  week,  rose  to 
2.500  parts,  and  continued  between  this  amount  and  1.530 
parts  for  the  following  three  months.  These  higher  nitrates 
were  undoubtedly  due  to  raking  over  the  surface  of  the  filter 
once  a  week. 

With  the  first  of  July,  the  quantity  of  sewage  applied  was 
increased  to  700  gallons,  applied  three  days  in  a  week,  or 
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nn  average  rate  of  60,000  gallons  per  acre  p^r  day.  The 
sum  of  ammonias  increased  slightly  for  the  first  month,  but 
afterwards  steadily  decreased,  as  follows:  July,  0.0142 
parts;  August,  0.0130  parts;  September,  0.0113  parts; 
and  October,  0.0083  parts.  In  the  last  mouth  they  formed 
but  0.3  of  one  per  cent,  of  those  of  the  sewage. 

The  average  analysis  of  the  effluent  for  the  last  month  was 
as  follows :  — 

Free  ammonia,  .        .  0.0004,  or  0.02  of  1  per  cent,  of  that  of  the  sewage. 
Albaminoid  ammonia,  0.0079,  or  1.2  per  cent,  of  that  of  the  sewage. 
Sum  of  ammonias,     .  0.0083,  or  0.3  of  one  per  cent,  of  that  of  the  sewage. 
Chlorine,    .        .        .  5.37. 
Nitrates,     .        .        .  1.4 140,  or  51  per  cent  of  the  total  nitrogen  of  the 

sewage. 
Nitrites,      .        .        .  0.0000. 
Bacteria  per  cubic  centimeter,  17. 

This  is  a  very  satisfactory  result  for  this  material.  Two 
years  before,  we  found  it  necessary  to  reduce  the  quantity 
of  sewage  to  200  gallons,  applied  three  times  a  week,  before 
we  could  obtain  such  purification.  A  year  ago  we  obtained 
nearly  as  good  an  effluent  with  this  filter  when  six-tenths  as 
much  sewage  was  filtering.  The  ability  to  filter  the  increased 
quantity  at  this  time  is  believed  to  be  entirely  due  to  raking 
over  the  surface  of  the  filter  to  the  depth  of  an  inch  once  a 
week,  which  has  been  done  since  the  latter  part  of  June, 
1890. 

Filter  Tank  No.  3a. 
The  peat  which  filled  Tank  No.  3  for  two  years  was 
removed  on  Nov.  14,  1889,  and  on  November  20  the  tank 
was  filled,  above  the  gravel  and  sand  around  the  underdrains, 
with  a  depth  of  2.5  feet  of  fine  sand  like  that  in  Tank  No.  2, 
above  which  was  2.5  feet  of  coarse  sand  like  that  of  Tank 
No.  1.  The  name  was  changed  to  Tank  No.  3a.  Five 
hundred  gallons  of  water  were  applied  to  this  tank  daily  for 
about  a  month,  and  on  Jan.  6,  1890,  the  first  sewage  was 
applied.  The  quantity  of  sewage  applied  was  150  gallons  a 
day,  except  Sundays,  until  June  30  ;  then  300  gallons  a  day 
until  September  7 ;  then  350  gallons  a  day  until  October  20, 
when  the  quantity  was  increased  to  500  gallons  a  day. 
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The  nitrates  of  the  effluent  continaed  from  0.010  parts  to 
0.020  parts  until  Mareb  20 ;  when,  the  temperature  of  the 
effluent  being  at  38^  Fab.,  the  nitrates  increased  to  0.040 
parts,  after  which  they  increased,  slowly  at  first  and  then 
more  rapidly,  until  the  middle  of  May,  when  they  were 
3,750  parts.  They  then  decreased,  and  in  the  latter  part  of 
June  were  2,000  parts.  From  this  time  to  September  7 
they  averaged  1.870  parts,  and  from  September  7  to  Octo- 
ber 20  the  average  was  1.490  parts  per  100,000. 

Previous  to  the  beginning  of  nitrification  the  free  ammo- 
nias of  the  effluent  increased  to  0.6000  parts  per  100,000, 
and  the  albuminoid  ammonias  to  0.0500  parts.  The  sum  of 
ammonias  were  then  40  per  cent,  of  those  of  the  sewage ; 
but  the  albuminoid  ammonia  was  but  12  per  cent,  of  that  of 
the  sewage. 

While  the  nitrates  were  the  highest,  in  the  middle  part  of 
May,  the  total  nitrogen  coming  from  the  tank  was  40  per 
cent,  more  than  was  being  applied.  The  ammonias  were 
rapidly  decreasing,  and  on  June  19  their  sum  was  less  than 
one  per  cent,  of  the  sum  of  ammonias  in  the  sewage.  The 
quantity  of  sewage  applied  was  doubled  after  June  30,  and 
the  surface  was  raked  over  to  the  depth  of  one  inch  once  a 
week.  The  ammonias,  at  first  higher,  gradually  decreased 
through  the  month  of  July;  and  froih  August  1  to  Sep- 
tember 7  there  was  a  steady  and  very  complete  purifi- 
cation. 

The  average  analysis  was  as  follows  :  — 


Free  ammonia,   .        .  0.0037,  or  0.2  of  1  per  cent,  of  that  of  the  sewage: 
Albuminoid  ammonia,  0.0092,  or  1.4  per  cent,  of  that  of  the  sewage. 
Sum  of  ammonias,     .  0.0129,  or  0.5  of  1  per  cent,  of  that  of  the  sewage. 
Chlorine,    .        .        .  7.17. 
Nitrates,     .        .        .  1.9200. 
Nitrites,      .        .        .  0.0004. 
Bacteria  per  cubic  centimeter,  1,642. 


With  the  increase  in  quantity  of  sewage  applied  after 
September  7  to  60,000  gallons  per  acre  per  day,  the  free 
ammonia  increased  until  it  became  0.0322  parts;  but  in 
the  following  three  weeks  it  steadily  decreased,  until  the 
analysis  on  October  16  was  as  follows :  — 
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Free  ammonia,   .        •  0.0026,  or  0.1  of  1  per  cent,  of  that  of  the  sewage. 

Albuminoid  ammonia,  0.0082,  or  1  per  cent,  of  that  of  the  sewage. 

Sum  of  ammonias,     .  0.0108,  or  0.4  of  1  per  cent,  of  that  of  the  sewage. 

Chlorine,    .        .        .  4.94. 

Nitrates,     .        .        .  1.1000. 

Nitrites,      .         .         .  0.0000. 

Bacteria  per  cubic  centimeter,  3,960. 

After  this  the  daily  quantity  applied  was  increased  to 
100,000  gallons  per  acre,  for  six  days  in  the  week,  which 
will  be  continued  through  the  winter. 

Filter  Tank  m.  4. 

This  filter,  of  extremely  fine  sand,  has,  since  June,  1889, 
received  sewage  through  a  trench  of  coarse  sand.  The 
excellent  results  obtained  in  October,  1889,  have  continued. 
The  equivalent  of  26,000  gallons^  of  sewage  a  day  upon  an 
acre  has  been  continued  through  August,  1890;  and  the 
quality  of  the  effluent  has  been  very  nearly  constant  through 
winter  and  summer;  the  principal  variation  being  in  tho 
nitrates,  which  were  as  usual  higher  in  April,  May  and 
June. 

The  average  analysis  for  the  ten  months,  November,  1889, 
to  August,  1890,  was  as  follows  :  — 

Free  ammonia,  .        .  0.0017,  or  0.1  of  1  per  cent,  of  that  of  the  sewage. 
Albuminoid  ammonia,  0.0120,  or  1.8  per  cent,  of  that  of  the  sewage. 
Sum  of  ammonias,     .  0.0137,  or  0.6  of  1  per  cent,  of  that  of  the  sewage. 
Chlorine,    .        .        .  J5.36. 
Nitrates,     .         .         .  1.3337. 
Nitrites,      .        .        .  0.0001. 
Bacteria  per  cubic  centimeter,  184. 

This  result  was  so  satisfactory  that  the  daily  quantity  of 
sewage  was,  on  September  8,  increased  to  34,200  gallons 
per  acre,  and  the  average  analysis  for  the  following  three 
months  was  as  follows :  — 

Free  ammonia,   .        .  0.0011,  or  0.05  of  1  per  cent,  of  that  of  the  sewage. 
Albuminoid  ammonia,  0.0118,  or  1.7  per  cent,  of  that  of  the  sewage. 
Sum  of  ammonias,     .  0.0129,  or  0.5  of  1  per  cent,  of  that  of  the  sewage. 
Chlorine,    .        .        .  6.98. 
Nitrates,     .        .        .  1.0854. 
Nitrites,      .        .        .  0.0000. 
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When  sewage  was  applied  to  the  surface  of  this  material, 
we  were  unable  to  obtain  as  good  results  as  the  above ;  and 
it  was  not  till  the  quantity  filtered  was  reduced  to  12,000 
gallons  per  acre  per  day  that  purification  became  nearly  as 
complete  as  the  results  now  obtained  by  applying  to  the 
coarse  sand  in  the  trench  34,200  gallons  per  acre  per  day. 

Filter  Tank  JSTo.  5. 

This  tank  of  garden  soil,  five  feet  deep,  hud  a  trench  dug 
two  and  a  half  feet  deep  and  one  and  a  half  feet  wide,  its 
outer  edge  being  one  and  a  half  feet  inside  of  the  periphery. 
This  trench  was  filled  with  coarse  sand  like  that  of  Tank 
No.  1,  and  sewage  has  since  been  applied  to  this  sand.  The 
quantity  applied  has  been  100  gallons,  three  times  a  week, 
from  November,  1889,  to  September,  1890,  or  the  equiva- 
lent of  8,600  gallons  pei;  acre  per  day.  The  quantity  of 
eflluent  was  a  little  greater,  owing  to  the  rain,  in  the  first 
eight  months ;  but  during  the  last  three  months  was  less, 
on  account  of  greater  evaporation. 

No  nitrates  were  found  in  the  eflluent  except  for  a  short 
time  in  April,  1890,  and  again  a  few  Umes  in  August  and 
September.  The  sum  of  ammonias  of  the  eflluent  was 
greater  than  that  of  the  sewage,  from  November  to  Jan- 
uary ;  but  from  February  till  near  the  end  of  August  the 
sum  of  ammonias  was  nearly  the  same  in  each. 

During  the  eleven  months  the  free  ammonia  has  averaged 
2.8273,  which  is  68  per  cent,  more  than  the  free  anflmonia 
of  the  applied  sewage.  But  the  albuminoid  ammoDia  has 
averaged  only  0.1869  parts,  and  has  been  very  constantly 
29  per  cent,  of  that  of  the  sewage. 

While  there  has  been  little  or  no  nitrification,  there  has 
been  a  marked  reduction  in  the  organic  nitrogen,  so  that 
there  remains  but  29  per  cent,  of  the  amount  in  the  ^cwage. 
This  is  only  about  one-third  as  much  organic  nitrogen  as 
remained  in  the  effluent  when  the  sewage  was  tipp'i^J 
directly  to  the  surface  of  the  filter,  before  the  sewage  ^*^ 
applied  to  the  trench  filled  with  coarse  sand.  Th  is  i^J  ^ 
step  in  purification,  but  a  very  incomplete  one,  cocwpj^^ed 
with  the  result  in  all  of  the  sand  filters. 

After   October  3   the   quantity   of   sewage   applied  ^^^ 
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reduced  to  50  gallons,  applied  three  times  a  week,  or  the 
equivalent  of  4,300  gallons  per  acre  per  day,  which  is  but 
little  more  than  the  rainfall  upon  the  same  area. 

Filter  Tank  No.  6. 

This  tank,  of  coarse  and  fine  sand  and  fine  gravel,  four 
feet  deep,  continued  to  receive  42,600  gallons  daily  per  acre 
from  June,  1889,  to  Sept.  8,  1890.  In  1890  nitrification 
was  continually  active.  It  was  most  complete  in  April, 
May  and  August,  when  the  nitrates  exceeded  2.0  parts  per 
100,000.  In  December,  1889,  the  free  ammonia  increased 
for  a  time  up  to  0.0650  parts,  but  soon  fell  to  0.0068  parts. 

The  average  analysis  from  January  to  August,  1890,  was 
as  follows :  — 

Free  ammonia,   .        .  0.0028,  or  0.16  of  1  per  cent,  of  that  of  the  sewage. 
Albuminoid  ammonia,  0.0181,  or  2.7  per  cent,  of  tliat  of  the  sewage. 
Sum  of  ammonias,     .  0.0209,  or  0.9  of  1  per  cent,  of  tliat  of  the  sewage. 
Chlorine,     .        .        .  6.54. 
Nitrates,     .        .        .  1.4125. 
Nitrites,      .         .         .  0.0002. 
Bacteria  per  cubit  centimeter,  7,144. 

After  Sept.  8,  1890,  the  quantity  of  sewage  applied  daily 
was  increased  to  the  equivalent  of  60,000  gallons  per  acre, 
and  the  resulting  analysis  for  the  following  three  months 
was  as  follows  :  — 

Free  ammonia,  .        .  0.0030,  or  0.16  of  1  per  cent,  of  that  of  the  sewage. 
Albuminoid  ammonia,  0.0164,  or  2  4  per  cent,  of  that  of  the  sewage. 
Sum  of  ammonias,     .  0.0194,  or  0.7  of  1  per  cent,  of  that  of  the  sewage. 
Chlorine,    .        .        .5.50. 
Nitrates,     .        .        .  1.2627. 
Nitrites,      .        .        .  0.0001. 
Bacteria  per  cubic  centimeter,  10,044. 

The  surface  of  this  filter  has  not  been  worked  over  or  in 
any  way  disturbed  for  nearly  three  years.  There  is  very 
little  sediment  upon  the  surface,  but  experience  with  other 
filters  indicates  that  better  results  will  be  obtained  if  the 
surface  be  raked  over  once  a  week ;  and,  although  the 
results  with  this  filter,  having  but  four  feet  in  depth  of  filter- 
ing material,  have  been  remarkably  good,  in  making  a  fur- 
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ther  increase  of  quantity  the  surface  will  be  periodically 
disturbed. 

Filter  Tank  JVo.  7. 

This  filter  has  a  covering  of  soil  and  of  loam,  but  the  sew- 
age has,  since  October,  1889,  been  applied  in  an  open- 
jointed  drain  pipe  beneath  the  loam.  The  drain  pipe  is  sur- 
rounded with  coarse  gravel,  which  extends  one  foot  and  a 
half  below  it,  and  for  a  width  of  two  feet. 

From  September,  1889,  to  August,  1890,  150  gallons  of 
sewage  were  applied  daily  on  six  days  in  the  week,  or  25,700 
gallons  per  day  per  acre. 

For  the  ten  months,  November,  1889,  to  August,  1890, 
nitrification  has  been  active.  The  nitrates  have  not  been  aa 
high  as  with  the  sand  filters,  but  have  averaged  1.1544  parts 
per  100,000.     The  ammonias  have  been  nearly  constant. 

The  average  analysis  for  the  ten  months  was  as  follows :  — 

Free  ammonia,   .        .  0.0024,  or  0.1  of  1  per  cent,  of  that  of  the  sewage. 

Albuminoid  ammonia,  0,0111,  or  1.7  per  cent,  of  that  of  the  sewage. 

Sum  of  ammonias,     .  0.0135,  or  0.6  of  1  per  cent,  of  that  of  the  sewage 

Chlorine,    .        .        .  5.49. 

Nitrates,     .        .        .  1.1644. 

Nitrites;      .        .        .  0.0001. 
Bacteria  per  cubic  centimeter,  501 . 

After  Sept.  7,  1890,  the  quantity  of  sewage  applied  was 
increased  to  200  gallons  per  day,  for  six  days  in  the  week,  or 
the  equivalent  of  34,280  gallons  per  acre  per  day. 

This  quantity,  for  a  time,  was  too  much  for  the  filter  to 
purify,  and,  at  the  end  of  October,  the  free  ammonia  had 
increased  to  0.1920  parts;  the  albuminoid  ammonia  was 
0.0200  parts ;  the  nitrates  had  been  reduced  to  0.4500  pai*s, 
but  had  again  risen  to  0.9000  parts ;  and  the  nitrites  were 
0.0110  parts. 

From  this  time  the  effluent  steadily  improved,  and  on 
December  11  the  analysis  was  as  follows  :  — 

Free  ammonia, 0.0082 

Albuminoid  ammonia, 0.0084 

Sum  of  ammonias, 0.0166 

Chlorine, .  4.34 

Nitrates 0.8900 

Nitrites, 0.0009 
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Filter  Tank  JSTo.  14. 

During  the  summer  of  1889  this  tank  of  coirse  sand,  like 
that  of  No.  1,  had  sewage  applied  at  the  rate  of  60,000 
gallons  per  acre  for  six  days  in  the  week.  The  tight  cover 
was  kept  on  all  of  the  time,  and  air  was  admitted  at  first  for 
fifteen  minutes  a  day,  then  for  five  minutes,  then  for  three 
minutes,  and  finally  for  one  minute.  The  air  was  kept  in 
motion  through  the  tank  by  means  of  an  aspirator.  Nitrifi- 
cation was  nearly  complete,  and  during  the  last  month  of 
October,  1889,  when  air  was  admitted  in  small  quantity 
only,  for  one  minute  a  day,  the  average  analysis  was  as 
follows : — 

Free  ammonia, 0.0011 

Albuminoid  ammonia, 0.0129 

Chlorine, 4.87 

Nitrates, 1.4138 

Nitrites 0.0034 

For  the  next  month  no  air  was  admitted,  but  the  aspirator 
continued  running,  causing  the  air  within  the  tank  to  circu- 
late through  the  sand.  The  nitrification  was  as  complete, 
and  the  removal  of  organic  matter  nearly  as  great,  as  in  the 
previous  month.  It  was  evident  that  oxygen  must  have 
been  supplied  from  some  source ;  and  it  was  concluded  that 
it  came,  in  very  small  amount,  from  the  absorbed  oxygen  of 
the  water  of  the  aspirator,  which  continually  came  in  contact 
with  the  air  which  it  was  causing  to  circulate. 

On  December  7  the  aspirator  was  removed.  Nitrification 
rapidly  decreased;  and  through  January  and  the  most  of 
February  the  nitrates  and  nitrites  were  zero.  The  free 
ammonia  rose  to  1.4,  and  the  albuminoid  ammonia  to  0.13, 
parts. 

On  March  10,  1890,  the  cover  was  removed,  and  on 
March  21  the  nitrates  had  risen  to  2.6  parts.  The  ammonias 
rapidly  decreased,  and  at  the  end  of  April  there  was  a  well- 
established  purification.  For  the  next  month  and  a  half  the 
analyses  averaged  as  follows :  free  ammonia,  0.0033 ; 
albuminoid  ammonia,  0.0153;  chlorine,  4.84;  nitrates, 
2.6643 ;  nitrites,  0.0011. 
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After  the  middle  of  June,  the  quantity  of  sewage  was 
increased  to  the  equivalent  of  100,000  gallons  per  acre,  for 
six  days  in  the  week.  The  free  ammonias  rose  for  a  few 
days,  and  then  fell  to  their  former  amount.  The  albumlDoid 
ammonias  increased  permanently.  The  average  analysis  for 
the  three  months  July,  August  and  September,  1890,  was  as 
follows : — 


Free  ammonia,  .        .  0.0043,  or  0.2  of  1  per  cent,  of  that  of  the  sewage. 
Albuminoid  ammonia,  0.0240,  or  4  per  cent,  of  that  of  the  sewage. 
Sam  of  ammonias,     .  0.0283,  or  1  per  cent,  of  that  of  the  sewage. 
Chlorine,     .        .        .  6.63. 
Nitrates,     .  .  2.3425. 

Nitrites,      .        .        .  0.0008.  . 


This  was  a  very  good  result  when  filtering  so  large  a 
quantity. 

In  October  a  little  sewage  remained  on  the  surface  in 
spots,  in  the  first  half  of  the  month,  and  the  ammoDias 
increased;  but,  upon  raking  over  the  surface  —  which  had 
not  been  disturbed  for  six  months  —  to  the  depth  of  one 
inch,  once  a  week,  the  nitrates  again  increased,  and  for  the 
month  of  November  the  ammonias  were  the  same  as  in  the 
analysis  just  given,  with  no  indication  that  this  quantity  may 
not  be  as  well  purified  for  an  indefinite  period. 

On  Dec.  4,  1890,  the  daily  quantity  of  sewage  was 
increased  to  120,000  gallons  per  acre,  for  six  days  in  the 
week. 

Filter  Tank  No.  15a. 

This  tank,  of  coarse  gravelstones,  has  been  treated  with 
the  equivalent  of  20,000  gallons  per  acre,  for  six  days  in 
the  week,  of  sewage  having  an  excess  of  acid,  made  so  by 
adding  to  ordinary  sewage  varying  amounts  of  sulphuric 
acid. 

From  Nov.  4,  1889,  to  May  8,  1890,  the  amount  of  sul- 
phuric acid  added  was  22  54  parts  per  100,0,00.  From  May 
9  to  July  30  the  amount  was  45  parts  per  100,000;  and 
from  July  31  to  October  26  the  amount  added  was  DO  parts 
per  100,000.  The  object  was  to  see  the  efiect  of  intermit- 
tent filtration  of  sewage  having  an  excess  of  sulphuric  acid. 
It  will  be  seen  that,  while  purification  was  much  less  than 
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with  alkaline  sewage,  there  was  at  all  times  some  nitrifica- 
tion, and  the  organic  nitrogen  was  very  much  reduced. 

The  average  analysis  of  the  effluent  in  the  first  four 
months  of  the  year,  while  the  smaller  quantity  was  added, 
was  as  follows  :  — 

Tree  ammonia,  .        .  1.4881,  or  102  per  cent,  of  that  of  the  sewage. 
Albuminoid  ammonia,  0.0884,  or  13  per  cent,  of  tliat  of  tlie  sewage. 
Sum  of  ammonias,     .  1.5765,  or  73  per  cent,  of  that  of  the  sewage. 
Chlorine,    .        .        .  4.93. 
Nitrates,     .  .  0.0930. 

Nitrites,      .        .        .0.0016. 

In  the  second  period,  when  45  parts  per  100,000  of  sul- 
phuric acid  were  added  to  the  sewage,  the  average  analysis 
for  three  months  was  as  follows  :  — 

Free  ammonia,  .        .  2.8425,  or  142  per  cent,  of  that  of  the  sewage. 
Albuminoid  ammonia,  0.1468,  or  22  per  cent,  of  that  of  the  sewage. 
Sum  of  ammonias,     .  2.9893,  or  118  per  cent,  of  that  of  the  sewage. 
Chlorine,    ..        .        .  7.45. 
Nitrates,     .        .        .  0.0932. 
Nitrites,      .         .         .  0.0009. 

In  the  third  period,  from  July  31  to  Oct.  26,  1890,  when 
90  parts  per  100,000  of  sulphuric  acid  were  added,  we  have 
the  following  average  analysis  :  — 

Free  ammonia,  .        .  2.3983,  or  114  per  cent,  of  that  of  the  sewage. 
Albuminoid  ammonia,  0.1532,  or  24  per  cent,  of  that  of  tlie  sewage. 
Sum  of  ammonias,     .  2.5515,  or  93  per  cent,  of  that  of  the  sewage. 
Chlorine,    .        .        .8.17. 
Nitrates,     .        .        .  0.0311. 
Nitrites,      .        .        .  0.0004. 

While  there  has  been  a  small  amount  of  nitrification 
through  the  year,  which  has  decreased  with  the  great  excess 
of  acid  of  the  last  three  months,  there  has  been  a  continued 
removal  of  more  than  three-quarters  of  the  organic  nitrogen, 
as  shown  by  the  albuminoid  ammonia. 

FiUei'  Tanks  JVo,  17a  and  JVo,  19. 
These  two  iron  tanks,  in  the  building,  were,  on  Jan.  25, 
1890,  filled  with  sand  intermediate  in  fineness  between  that 
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of  No.  1  and  that  of  No.  2.  The  sand  of  each  was  taken 
from  the  same  pit,  and  is  presumed  to  be  of  like  quality ; 
but,  in  filling  No.  17a,  marble  dust  was  added  in  layers 
containing  ten  pounds,  or  having  a  depth  of  a  little  more 
than  one-half  inch,  at  distances  of  one,  three  and  four  feet, 
and  of  four  feet  and  nine  inches  from  the  top  of  the  layer  of 
coarse  sand  on  the  gravel  at  the  bottom.  The  upper  layer 
of  marble  dust  was  covered  with  three  inches  of  sand. 

These  two  filters  were  treated  alike  for  nine  months,  to  gee 
if  there  was  any  advantage,  when  filtering  an  ordinary  alka- 
line sewage,  in  having  layers  of  an  alkaline  earth  in  the  filler. 

Sewage  was  applied  to  each  on  Jan.  28,  1890,  the  quan- 
tity being  1.5  gallons  on  week  days,  until  February  18, 
after  which  it  was  3  gallons,  or  at  the  rate  of  60,000  gallons 
per  acre. 

The  nitrates  were  a  little  higher  in  No.  19  during  the 
first  month,  and  they  rose  rapidly  in  this  tank  fifteen  days 
earlier  than  in  Tank  No.  17a.  Perhaps  this  was  due  to 
more  freedom  of  motion  of  air  through  the  tank  which  con- 
tained no  marble  dust. 

The  nitrates  were  high  in  both  filters  after  May  I ;  but 
were  a  little  higher  in  the  tank  without  the  marble  dust. 

The  average  analysis  in  each  for  the  following  six  months 
was  as  follows :  — 


Tank  No.  17  a. 


Tank  Xo.  19. 


Free  ammonia, 
Albuminoid  ammonia,   . 
Hum  of  ammonias, . 

Chlorine, 

Nitrates 

Nitrites, 

Bacteria  per  cubic  centimeter. 


0.0026 
0.0130 
O.OIM 
6.84 
2.0219 
O.OOOB 
25. 


0.0055 

0.0110 

0.0165 

5.73 

2.219i 

0.0029 


No  advantage  appears  in  favor  of  the  addition  of  marble 
dust  in  this  trial  of  nine  months  with  ordinary  alkaline 
sewage.  After  Oct.  26,  1890,  Tank  No.  1  7a  was  treated 
with  sewage  to  which  a  definite  amount  of  sulphuric  acid 
was  added,  and  the  quantity  of  sewage  applied  to  Tank  No. 
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19  was  increased  to  the  equivalent  of  120,000  gallons  per 
acre,  on  six  days  in  the  week. 

Filter  Tank  JVb.  25. 

This  iron  tank,  20  inches  in  diameter  and  12.2  feet  hrgh, 
had  the  usual  gravel  and  coarse  sand  put  in  at  the  bottom 
for  a  depth  of  six  inches,  above  which  was  five  feet  of  sand 
and  loam  from  a  cemetery.  Water  was  filtered  through 
this  sand  and  loam  for  three  months,  when  the  resulting 
efiiueut  gave  the  following  analysis :  free  ammonia,  0.0014 ; 
albuminoid  ammonia,  0.0024 ;  chlorine,  0.23 ;  nitrates, 
0.0250 ;  and  nitrites,  0.0002  parts  per  100,000. 

On  Dec.  18,  1889,  the  carcass  of  a  dog,  weighing  eleven 
and  a  half  pounds,  was  put  on  the  surface,  and  this  was 
covered  with  six  feet  of  sand  and  loam  similar  to  that  below. 

From  Jan.  1,  1890,  to  November  21,  one  and  a  half  gal- 
lons of  water  were  poured  upon  the  surface  each  week.  This 
is  a  little  more  than  the  average  weekly  rainfall  upon  such 
a  surface.  The  changes  that  occurred  in  the  effluent  from 
month  to  month  are  presented  in  the  following  table  of 
monthly  averages  of  analyses  of  the  effluent :  — 


Ammonia. 

1 

NiTROGKN  AS 

DATS. 

i 

2 

ii 

< 

CO 

1 

s 

^ 

111 

1S89. 

October  30 

.0014 

.0024 

.0038 

.23 

.0250 

.0002 

- 

December,  . 

.0100 

.0161 

.0261 

3.11 

.0280 

.0004 

- 

1SIN>. 

' 

January,    * . 

.0065 

.0044 

.0109 

6.26  , 

.0275 

.0001 

- 

February,    . 

.0033 

.0043 

.0076 

7.30 

.0225 

.0010 

- 

March,         .        . 

.0031 

.0082 

.0113 

8.21 

.0125 

.0000 

- 

April,  . 

.0037 

.0114 

.0151 

9.21 

.0050 

.0002 

- 

May,    .        .       . 

.0034 

.0153 

.0187 

7.47 

.0200 

.0000 

- 

Jane,  . 

.0033 

.0214 

.0247 

4.67 

.0350 

.0000 

- 

July,    . 

.0878 

.0178 

.1056 

3.23 

.1700 

.0050 

- 

Angust, 

1.0990 

.0394 

1.7384 

2.52 

.8500 

.1850 

- 

September, . 

6.5360 

.0461 

6.5811 

1.85 

.7750 

.0617 

4,819 

October,      . 

11.4250 

.6850 

12.1100 

1.76 

.1475 

.0271 

18,360 

November,  . 

26.6250 

2.8000 

29.4250 

1.49 

.0925 

.0082 

4,796 
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The  chlorin'e  increased  in  four  months  from  0.23  parts  — 
which  was  that  of  the  water  going  through  the  lower  five 
feet  before  the  carcass  was  buried  — to  9.21  parts ;  and  then 
gradually  decreased  in  seven  months  to  1.49  parts  per 
109,000  of  the  water  coming  through. 

The  nitrates  were  no  higher  than  the  water  applied,  for 
six  months ;  that  is,  in  this  time  there  was  no  nitrification, 
but  in  the  next  two  months  the  nitrates  increased  to  0.8500 
parts,  and  then  gradually  fell  in  three  months  to  0.0925 
parts.  It  may  be  that  this  small  amount  of  nitrification  took 
place  in  the  lower  layers  of  the  tank  where  air  was  received 
from  the  outlet.  In  future  the  outlet  will  be  trapped  so 
that  no  air  can  enter  there,  to  determine  whether  air  per- 
meates this  material  from  the  surface  to  sufficient  depth  to 
produce  nitrification  of  organic  matter  six  feet  below  the 
surface. 

The  nitrites  increased  with  the  nitrates  to  0.1850  parts, 
and  decreased  to  0.0082  parts  in  November. 

The  free  ammonia  was  low  and  nearly  constant,  at  about 
0.0034  parts,  for  six  months,  and  then  increased  at  a  very 
rapid  rate  in  the  remaining  five  months  to  26.6250  parts,  io 
November. 

The  albuminoid  ammonia  increased  but  little  for  seven 
months,  and  then  slowly  for  two  months ;  after  which  it 
increased  very  rapidly,  and  for  November  averaged  2.8000 
parts  per  100,000. 

The  odor  of  the  effluent  grew  very  strong  and  offensive 
through  April,  May  and  June,  and  was  the  most  nauseating 
the  first  week  in  July,  since  which  it  has  decreased  mach, 
but  is  still  strong. 

Filter  Tanks  No.  26  to  JVb.  31. 

These  six  tin  tanks  are  smaller  than  the  iron  tanks,  being 
but  2.95  feet  deep  and  1.41  feet  in  diameter.  Each  is  filled 
with  filtering  material  to  the  depth  of  2.5  feet,  which,  with 
the  0.25  foot  of  gravel  at  the  bottom,  makes  a  total  depth 
of  2.75  feet. 

Tanks  No.  26  and  No.  29  were  filled  with  washed  gravel- 
stones  that  Avould  not  go  through  a  sieve  having  meshes 
five-eighths  of  an  inch  square. 
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Tanks  Nos.  27  and  30  were  filled  2.5  feet  deep  with  sand 
like  that  of  Tank  No.  1,  and  Tanks  Nos.  28  and  31  were 
filled  to  the  same  depth  with  a  finer  sand  like  that  of  Tank 
No.  19. 

The  first  named  in  each  of  these  couples  was  first  treated 
with  sewage  on  April  1,  1890,  when  nitrification  was  active 
in  all  of  the  old  tanks ;  and  the  second  of  each  couple  was 
first  treated  with  sewage  on  May  27,  after  each  of  the  first 
set  had  been  rapidly  nitrifying  for  two  weeks.  The  object 
was  to  determine  upon  what  the  beginning  of  nitrification 
depended,  —  whether  temperature,  season  of  the  year,  or 
quantity  of  stored  nitrogen. 

When  the  first  series  was  started,  April  1,  Tank  No.  3a, 
which  was  started  in  January,  had  been  increasing  in  nitrates 
for  two  weeks,  having  begun  when  its  temperature  was  at 
38^  Fah.  This  is  within  two  degrees  of  the  temperature 
when  all  of  our  tanks,  started  in  the  winter,  have  begun  to 
nitrify.  The  temperature  of  the  efliuent  of  this  series  was 
46^  at  the  start,  but  the  nitrates  did  not  increase  until  three 
or  four  weeks  later,  when  the  temperature  was  53^. 

This  delay  in  nitrification  was  not,  then,  on  account  of  the 
low  temperature,  nor  was  it  entirely  due  to  the  season  of 
the  year;  for  No.  3a,  beginning  to  nitrify  in  March,  had 
nitrates  1.0  part  in  100,000  ten  days  to  two  weeks  before 
this  series ;  and  Tanks  Nos.  2,  3,  4,  6  and  7  were  increasing 
rapidly  in  nitrates  before  this  series  commenced. 

There  appears  to  be  required  at  this  very  favorable  season 
of  the  year  for  nitrification,  with  temperatures  of  effluent 
of  about  53^,  the  accumulation  of  nitrogenous  matter  in  the 
filter,  or,  it  may  be,  an  accumulation  of  nitrifying  bac- 
teria throughout  the  filter,  before  nitrification  begins  to 
increase. 

In  both  series  nitrification  began  a  little  earlier  in  the 
filter  of  No.  1  sand  than  in  that  of  the  finer  sand,  and  in 
this  a  very  little  earlier  than  with  the  gravel.  The  latter 
had  in  each  case  been  washed,  and  possibly  the  conditions 
within  the  material  modified  thereby. 

Comparing  the  results  obtained  with  the  two  series,  the 
latter  member  of  each  couple  starting  eight  weeks  after  the 
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former,  we  have  the  following  data  in  each,  up  to  the  time 
when  nitrates  began  to  increase  rapidly  :  — 


Nnmbor  of 
days  aft«r 

the  flrKi 
Sewage  was 

applied. 


Amount  of 

JNitrogron 

applied  in  the 

Sewage. 

Pounds. 


Amount  of 
>lltrogen 

which  came 
off  in  the 
Effluent. 
I'ounda. 


Ditrercnce.or 

Amount  of 

Nitn^'en 

stored  III  the 

Filter. 

Pounds. 


Temper- 
ature 
of 

EfflnenL 
Fail. 


No.  26, 
Ko.  29, 

No.  27, 
No.  80, 

No.  28, 
No.  31, 


26 
11 

22 
8 

26 
8 


0.0023 
0.0010 

0.0073 
0.0030 

0.0090 
0.0030 


0.0005 
0.0001 

0.0016 
0.0004 

0.0020 
0.0003 


0.0018 

51* 

0.0000 

66* 

0.0062 

6-r 

0.0026 

61' 

0.0070 

54* 

0.0027 

fil* 

We  see  that  in  the  latter  series,  with  the  temperature  of 
the  effluent  at  63°,  the  number  of  days  after  sewage  was  first 
applied  was  between  one-half  and  one-third  as  many,  and 
the  amount  of  nitrogen  stored  was  between  one-half  and  one- 
third  as  much,  as  in  the  former  series,  when  the  temperature 
was  53°. 

In  both  cases,  and  in  all  other  cases,  we  have  found  that 
some  stored  nitrogen  is  necessary,  before  nitrification  begins 
to  be  active ;  and  that  the  amount  required  is  less  in  warm 
weather  than  in  cold.  It  may  be  that  the  warmer  season  is 
also  more  favorable  for  the  accumulation  of  nitrifying 
bacteria.  When  the  conditions  for  high  nitrification  are 
established,  we  have  found  the  nitrification  continaes  as 
complete  through  the  cold  season  as  at  other  times  in  the 
year,  except  in  the  months  when  vegetation  grows  most 
rapidly,  and  nitrification  is  exceptionally  high. 

After  nitrification  was  well  established  in  these  two  sets 
of  tanks,  —  which  in  the  first  set  was  in  the  middle  of  May, 
and  in  the  second  the  middle  of  June,  —  some  time  was 
required  for  the  removal  of  organic  matter  before  they 
reached  an  established  condition  of  purification. 

In  the  tanks  filled  wkh  gravel,  the  sum  of  ammonias  in 
the  effluent  of  No.  26  in  June  was  2  per  cent,  of  those  in  the 
sewage,  and  in  July  the  sum  of  ammonias  of  both  No.  86 
and  No.  29  were  but  one  and  one-quarter  per  cent,  of  those 
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of  the  sewage.  Up  to  this  time  the  amount  of  sewage  filtered 
daily  was  at  the  rate  of  10,000  gallons  per  acre. 

After  July  24,  the  quantity  filtered  was  20^000  gallons  per 
acre  per  day,  applied  in  nine  hourly  portions. 

The  average  results  in  the  month  of  August  were  as 
follows :  — 


a 

2i 

si 

1^ 

k 

11 

oc 

i 

1 

v5 

Nnmber  of 
liacteria 
per    Cubic 
Centimeter. 

Sewage, 

Effluent  No.  26,       .        .        . 
Percent.,         .... 

Effluent  No.  29, 

Per  cent.,         .... 

2.4228 
0.0J76 
O.Sofl 

0.0049 
0.2ofl 

0.7786 
0.0260 
3. 

0.0109 
2. 

3.20U 
0.0385 
1. 

0.0218 
O.Tofl 

0.04 
O.OI 

8.82 

0.0000 
1.4250 

1.6625 

0.0000 
0.0008 

0.0013 

1,931,000 

18,316 

1. 

9,923 
0.5  of  1 

This  quality  of  effluent  continued  nearly  the  same  through 
September,  with  the  exception  of  an  increase  in  albuminoid 
ammonia  of  No.  26.  In  October  and  November  the  results 
were  not  so  good;  but,  with  a  continuance  of  20,000 
gallons  of  sewage  per  acre  per  day,  these  filters  of  gravel- 
stones  only  two  feet  and  nine  inches  deep,  without  having 
the  surface  disturbed  for  eight  and  seven  months,  gave 
effluents  containing  only  four  and  three  per  cent,  of  the 
organic  matter  of  the  sewage,  as  shown  by  the  sum'  of 
ammonias. 

Tanks  No.  27  and  No.  30,  of  sand  like  No.  1,  2.5  feet  deep, 
came  into  a  condition  of  reasonable  purification  in  two  weeks 
and  one  week  respectively,  after  reaching  the  most  active 
nitrification.  Then  their  effluents  contained  about  two  and 
one  per  cent,  of  the  organic  matter  of  the  sewage,  as  shown 
by  the  sum  of  ammonias.  But  this  condition  was  not 
permanent,  while  the  equivalent  of  40,000  gallons  per  acre 
was  applied  at  once  on  each  of  six  days  in  the  week; 
and  in  the  third  week  in  July  the  sum  of  ammonias  of  the 
effluent  amounted  to  near  thirty  per  cent,  of  those  of  the 
sewage ;  but,  by  changing  the  method  of  application  of  the 
sewage  to  the  equivalent  of  10,000  gallons  four  times  a  day, 
—  on  July  24,  — the  quality  of  the  effluent  was  immediately 
improved,  and  through  August  and  September  we  have  the 
following  excellent  results :  — 
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a 

li 

1' 

ii 

OO 

i 

S 

8 

^ 

Sewage, 

Effluent  No.  27, 

Percent.,         .... 

Effluent  No.  30, 

Percent.,         .        ,       .        . 

2.1764 
0.0046 
0.2ofl 

0.0049 
0.2ofl 

0.6583 
0.0197 
3. 

0.0112 
1.7 

2.8347 
0.0248 
O.Qofl 

0.0161 
0.6ofl 

7.21 
8.12 

8.78 

0.0000 
1.9125 

1.9687 

0.0000 
0.0002 

0.0005 

1,349,000 

S,7to 

0.5  ufl 

5<{2 
0.05  0(1 

This  was  a  remarkably  good  result  for  40,000  gallons  a 
day  filteriDg  through  a  depth  of  2.5  feet  of  coarse  sand. 
More  than  99  per  cent,  of  the  organic  matter,  and  a  still 
larger  fraction  of  the  bacteria,  were  removed  by  the  process 
of  nitrification. 

In  October  the  result  was  not  quite  so  good,  as  some 
sewage  remained  on  the  surface ;  but,  upon  raking  over  the 
surface  once  a  week,  the  effluents  again  improved  to  the  con- 
dition of  August  and  September. 

Tanks  No.  28  and  No.  31,  of  finer  sand,  2.5  feet  deep, 
filtering  at  the  rate  of  40,000  gallons  per  acre  per  day  for 
six  days  in  the  week,  purified  in  July  to  the  extent  of 
removing  99.3  per  cent,  of  the  sum  of  ammonias  of  the 
sewage  ^  and,  after  changing  the  method  of  application  to 
four  charges  daily, —  on  July  24,  —  we  have  the  following 
average  results  for  August :  — 


:'i 

1- 

e  ° 
1| 

1 

j 

1 

W 

Sewage, 

Effluent  No.  28,       . 
Percent 

Effluent  No.  31, 

Per  cent.,         .... 

2.4228 
0.0042 
0.2ofl 

0.0089 
0.4on 

0.7786 
0.tl68 
2. 

0.0150 
2. 

3.20U 
0.0210 
0.7ofl 

0.0239 
0.7ofl 

9.64 
11.84 

9.41 

0.0000 
2.0625 

2.3125 

0.0000 
0.0000 

0.0026 

1,W1.000 

TO 

0.004  of  1 

es 

0.0030(1 

For  a  short  time  in  October  the  surface  of  Tank  No.  31 
was  continually  covered  with  sewage,  but  after  the  middle 
of  the  month  both  tanks  had  their  surface  raked  over  once  a 
week,  and  a  condition  similar  to  that  of  August  continues. 

It  is  evident  that  shallow  filters,  2.5  feet  deep,  require 
more  attention  to  the  condition  of  the  surface  than  those  of 
greater  depth ;    but  the  very  complete    nitrification  and 
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removal  of  organic  matter  of  the  past  six  months  show  that, 
with  proper  care,  they  may  serve  a  very  useful  purpose. 

INTERMITTENT  FILTRATION  OF  WATER. 

The  experiments  upon  the  intermittent  filtration  of  water 
have  been  continued  another  year,  with  interesting  results. 

With  filters  of  coarse  sand,  we  have  filtered  intermittently 
the  equivalent  of  from  200,000,000  to  300,000,000  gallons 
on  an  acre,  giving  an  entirely  colorless  and  satisfactory 
efiSuent.  After  these  amounts  were  filtered,  the  effluent 
continued  to  be  much  improved,  but  the  color  was  not 
entirely  removed,  and  gradually  increased.  Upon  reducing 
the  quantity  daily  filtered,  and  allowing  more  air  to  enter 
the  sand,  the  color  was  reduced,  as  well  as  the  organic 
nitrogen ;  and  we  are  seeking  the  best  method  of  treatment 
by  which  the  active  life  of  such  a  filter  may  be  lengthened. 

With  filters  of  coarse  sand,  having  a  layer  of  loam,  or  fine 
sand,  we  find  the  quantity  that  will  pass  through  is  limited ; 
but,  with  300,000  gallons  a  day  per  acre  continued  for  three 
years,  we  have  entirely  satisfactory  results. 

Filter  Tank  JVb.  8. 

This  large  tank  in  the  field,  filled  with  fine  gravel  and 
coarse  and  fine  sand,  with  a  layer  of  loam  eight  inches  deep, 
having  its  upper  surface  six  inches  below  the  top  of  the 
filter,  has  continued,  through  the  year,  to  filter  1 ,500  gallons 
of  city  water  applied  daily  on  six  days  of  the  week.  This  is 
the  equivalent  of  300,000  gallons  daily  per  acre  for  six  days 
in  the  week. 

This  filter  has  been  filtering  city  water  constantly  for  three 
years,  giving  an  entirely  colorless  effluent.  The  total  quantity 
filtered  is  the  equivalent  of  206,000,000  gallons  on  an  acre. 

The  average  analysis  of  the  effluent  for  the  year  1890,  to 
the  end  of  November,  is  as  follows  :  — 

Free  ammonia,  .  .  0  0007,  or  41  per  cent,  of  that  of  applied  water. 
Albuminoid  ammonia,  0.005G,  or  45  per  cent,  of  ttiat  of  applied  water. 
Sum  of  ammonias,  .  0.0063,  or  44  per  cent,  of  that  of  applied  water. 
Chlorine,    .  .0.17. 

Nitrates,  .  .  .  0  0289,  or  134  per  cent,  of  that  of  applied  water. 
Nitrites,      .        .        .  0.0000. 

Number  of  bacteria  per  cubic  centimeter,  56,  or  47  per  cent,  of  the  number 
found  in  the  applied  water. 

Digitized  by  VjOOQ IC 


696 


FILTRATION  IN  1890. 


The  average  analyses  for  each  month,  of  both  city  water  and  efflu- 
ent, are  given«in  the  following  table  :  — 


Monthly  Averages  of  Results  with  Filter  Tank  No.  8,  for  1890. 


Rmioukom 

EVAPOBATIOSI. 

AxvoatiA. 

1 

6 

1    Krraooss 

i 

ft 

Datb. 

11 

1 

1 

^1 

-a 

15 
1 

i 

1 

s 

111 

1S90. 

■ 

ii   ' 

Bec.SI/SS^BD. 
•    30/89.    . 

City  water, 

„ 

1.15 

2.65 

.0011 

.01«5 

.0116 

.19 

.0120 

.0000    3Sri     53 

January,    . 

Effluent,    . 

899 

.90 

2.42 

.0004 

.00591     .0063 

.19  1     .0230|  .0000  1  2Sr 

6 

Per  cent.. . 

- 

78 

95 

40 

56          54 

- 

m         -  1    - 

• 

Jan.81-Feb.  27, 

City  water. 

» 

1.00 

2.47 

.0015 

.0108     .0123 

.18  1 

.0150  .0000    36*:   Vi 

Febroary, . 

Effluent,    . 

1,072 

.92 

2.55 

.0009 

.0055'     .0064| 

.18 

.0205  .0000    36*1     IT 

Per  cent.. . 

- 

.2 

103 

60 

51 

52 

- 

137 

-  II  -i  - 

Fcb.28-Mar.80, 

City  water, 

« 

.95 

2.32 

.0029 

.0125 

.0154 

.17 

.0140 

.0000    40',    143 

March,       .        . 

Effluent,    . 

273 

.82 

2.60 

.0008 

.0071 

.0079 

.17 

.0210  .0000    89',      4 

Per  cent., . 

- 

86 

112 

28 

57 

51 

- 

150 

-    |.    -I 

Mar.  31-Apr.  29, 

City  water. 

« 

1.28 

2.54 

.0017 

.0128 

.0145 

.16 

.0144  .0000    *T 

April.         .        . 

Effluent.   . 

761 

.96 

2.70 

.0010 

.0067 

.0077 

.15 

.0286  .0000    45'  1      S 

Per  cent., . 

- 

75 

106 

00 

52 

53 

- 

129 

"    1*       !      " 

Apr.SO-MaySO, 

City  water, 

1.03 

2.20 

.0013 

.0118 

.0131 

.13 

.0175 

.0000    51*.       - 

May.  .       .       . 

Effluent,    . 

971 

.80 

2.60 

.0010 

.0059 

.0069 

.13  i 

.0335|.0000    56-;      7 

Per  cent.,  . 

- 

77 

118 

n 

50 

53 

- 

191 

-  i|  ■ ;    ■ 

MBy81-JaDe29, 

City  water. 

_ 

- 

- 

.0019 

.0140 

.0159' 

.13 

.0160 

.0000  '  SS*  1     53 

June, . 

Effluent,    . 

1,129 

- 

- 

.0010 

.0066 

.0076 

.13 

.0240  .0000 1  64- 1      S 

Per  cent.. . 

~ 

- 

- 

53 

47 

48 

- 

150 

"ll"'   ■ 

.0000    67-'    106 

Jnne80-Jnly30, 

City  water, 

_ 

. 

. 

.0020 

.0132 

.0162 

.20 

.0364 

July, . 

Effluent,    . 

1,267 

- 

- 

.0005 

.0044 

.0049 

.20 

.0260 

.0000    71*.      * 

Per  cent.. . 

- 

- 

- 

25 

33 

32 

- 

100 

-     1    -|      " 

Jaly31-Aug.30, 

City  water, 

- 

- 

.0032 

.0162 

.0184 

.22 

.0232 

.0000  , 7(r .     97 

August.     . 

Effluent,    . 

1,213 

- 

- 

.0010 

.0058 

.0068 

.22 

.0232  .0000    -r     572 

Per  cent.. . 

- 

- 

- 

31 

38 

87 

- 

i««        -  j  -     - 

Aug.31-8ept.29, 

City  water, 

- 

- 

.0017 

.0128 

.0145 

.18 

.0230  .0000    W     148 

September, 

Effluent,    . 

1,195 

- 

~ 

.0006 

.0050 

.0066 

.18 

.0218 

.0000  i6f        1 

1 

Per  cent., . 

- 

- 

30          J39 

88 

- 

95 

"1'    ■        ■ 

Sept.80-Oct.80. 

City  water, 

- 

- 

. 

.0007      .0127 

.0134 

.17 

.0146 

.0000 '  5s*    m 

October.    . 

Effluent,   . 

1,036 

- 

.0003|     .0036 

.0089 

.18, 

.0187 

.0000 

57        T 

Per  cent.,  . 

- 

- 

- 

43 

28 

29 

- 

128 

-| 

1 

Oct.  81-Nov.  29, 

City  water, 

_ 

„ 

_ 

.0007 

.0114 

.0121 

.16 

.0212 

.0000 MB-'  m 

November, 

Effluent,    . 

825 

- 

- 

.0005,     .0048 

.0053 

.18 

.0225 

.0000    4«*        i 

Percent.,  . 

- 

- 

- 

"     '« 

44 

~ 

106 

■  -'  " 

Digitized  by 


Google 


FILTRATION  IN   1890.  697 

The  removal  of  organic  nitrogen  in  the  last  three  months  is 
more  complete  than  in  the  first  three  months,  and  is  the 
same  as  in  the  corresponding  three  months  of  last  year. 

The  number  of  bacteria  in  the  effluent,  in  all  but  one 
month,  has  averaged  six  per  cubic  centimeter;  and  it  is 
probable  that  none  came  down  through  the  filter. 

The  effluent  has  been,  as  in  the  previous  years,  a  clear, 
bright,  colorless  spring  water. 

Filter  Tank  JVo.  18\ 

Filter  Tank  No.  18^  is  the  iron  tank  formerly  No.  18, 
which,  in  July,  1889,  was  refilled  with  coarse  and  fine  gravel- 
stones  to  the  depth  of  three  inches,  above  which  was  a  depth 
of  five  feet  of  coarse  sand  like  that  of  Tank  No.  1. 

From  August  13  to  September  17,  this  sand  was  treated 
with  one  gallon  or  one-half  a  gallon  of  water,  containing 
aluminum  sulphate  on  one  day,  and  sodium  carbonate  the 
next,  by  which  about  nine  ounces  of  alumina  was  precipi- 
tated within  the  sand  and  remained  there. 

After  Oct.  5,  1889,  no  water  was  applied  until  Jan.  29, 
1890;  but  from  this  time  the  equivalent  of  1,000,000  gal- 
lons of  city  water  a  day,  for  six  days  in  the  week,  was 
applied  until  the  end  of  October,  1890.  The  water  was 
applied  at  hourly  intervals,  in  a  little  less  than  one  minute, 
fourteen  times  a  day.  It  disappeared  from  the  surface 
immediately. 

The  color  of  the  applied  water  was  entirely  removed  until 
the  last  of  September. 

The  monthly  averages  of  analyses  of  the  applied  city 
water,  and  of  the  effluent,  are  contained  in  the  following 
table :  — 
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Monthly  Averages  of  Results  wUh  Filter  Tank  No.  18a. 

3    . 

11 

KiSIDDB  ON 
ETAPOSATIOir. 

Ammonia. 

NITBOOBII 
AS 

i 

si 

Is 

1 

c 

1 

5 

9 

a 

^tr 

Datb. 

i 
2 

H 
II 

1 

j!. 

1 

s 

1 

i 

2 

5  uo 

1S90. 

February, . 

city  water, 

- 

.30 

1.00 

2.47 

.0015 

.0108 

.0123 

.18 

.0150 

.0000  :3(r 

175 

February, . 

Effluent,    . 

45 

.00 

.90 

3.08 

.0022 

.0028 

.0050 

.18 

.0198 

Present.   43" 

23 

Per  cent.,  . 

- 

- 

90 

125 

147 

26 

41 

133 

■ 

- 

March,      . 

City  water. 

- 

.90 

.95 

2.32 

.0029 

.0125 

.0164 

.17 

.0140 

.0000     40* 

141 

March,      . 

Effluent.    . 

44 

.00 

.62 

2.32 

.0022 

.0057 

.0070 

.17 

.0177 

.0000     44'     244 

Per  cent., . 

- 

- 

55 

100 

76 

46 

51 

126 

-       - 

April,       . 

City  water. 

- 

.35 

1.28 

2.54 

.0017 

.0128 

.0145 

.16 

.0144 

.0000   4r    - 

April,        . 

Effluent,    . 

43 

.00 

.74 

2.14 

.0014 

.0053 

.0067 1 

.15 

.0204 

.0000     49* 

139 

Per  cent., . 

- 

- 

58 

84 

8J 

41 

46 

142 

- 

- 

May, .       . 

City  water. 

- 

.23 

1.03 

2.20 

.0013 

.0118 

.0131 

.13 

.0175 

.0000     51' 

- 

May, .       . 

Effluent,    . 

44 

.00 

.70 

2.27 

.0005 

.0067 

.0072 

.18 

.0200 

.0000     Wj   270 

Per  cent.. . 

- 

- 

68 

103 

38 

57 

55 

- 

114 

"      '    '1     * 

June, 

City  water. 

- 

.23 

. 

. 

.0019 

.0140 

.0160 

.13 

.0160 

.0000    58-1    a 

Juue, 

Effluent.    . 

42 

.00 

- 

- 

.0012 

.0080 

.0092 

.13 

.0235 

.0000   er    ii4 

Per  cent.,  . 

- 

- 

- 

- 

03 

67 

68 

- 

147 

-     '  - 

- 

July..       . 

City  water, 

- 

.24 

- 

. 

.0020 

.0132 

.0152 

.20 

.0264 

.0000     6T' 

106 

July..       . 

Effluent.    . 

44 

.00 

- 

- 

.0011 

.0068 

.0079 

.20 

.0236 

.0012     73-      M 

Per  cent., . 

- 

- 

- 

- 

55 

52 

62 

- 

88 

- 

- 

August.     . 

City  water. 

- 

.25 

. 

. 

.0032 

.0152 

.0184 

.22 

.0232 

.0000     TO* 

97 

August,     . 

Effluent.    . 

42 

.00 

- 

- 

.0014 

.0076 

.0090 

.23 

.0190 

.0008 1  :r    :5 

Per  cent.. . 

- 

- 

- 

- 

44 

60 

49 

- 

82 

-       -     - 

Beptember, 

City  water, 

. 

.28 

. 

. 

.0016 

.0134 

.01  .VI   .17 

.0208 

.0000   ee-i  143 

September, 

Effluent.    . 

43 

.02 

- 

- 

.0008 

.0081 

.008"    .18 

.0230 

Present 

67* 

35 

Per  cent.,  . 

- 

7.1 

- 

- 

50 

60 

59 

- 

111 

- 

- 

- 

October,    , 

City  water, 

.28 

. 

- 

.0006 

.0120 

.0126 

.17 

.0152 

.0000 

58* 

ISl 

October.    . 

Effluent.    . 

41 

.08 

- 

. 

.0005 

.0086 

.0091 

.18 

.0193 

.0000 

56* 

41 

Per  cent.,  . 

- 

28 

- 

- 

83 

72 

72 

- 

127 

- 

-      - 

Average,  . 

City  water, 

_ 

.27 

. 

« 

.0019 

.0129 

.0148 

.17 

.0181 

.0000 

54-     15 

Effluent,    . 

43 

.01 

- 

- 

.0013 

.0066 

.0079 

.17 

.0207 

.0000 

69'     107 

Per  cent..  . 

- 

- 

- 

- 

68 

51 

53 

- 

114 

- 

- 

During  the  nine  months  we  see  that  the  nitrates  of  the  effluent 
have  averaged  higher  than  of  the  applied  water  by  14  per  cent., 
although  there  were  two  months,  July  and  August,  when  they  were 
lower.  The  most  of  the  water  was,  during  the  day,  about  three 
hours  in  passing  'through  the  sand,  and  this  time  has  been  sufficient 
for  satisfactory  nitrification  to  take  place,  although  not  so  complete 
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nitrification  as  with  Tank  No.  8.  The  free  ammonia  of  the 
efBucnt  has  been  68  per  cent,  of  that  of  the  applied  water, 
and  the  albuminoid  ammonia  has  been  reduced  to  51  per 
cent,  of  that  of  the  applied  water. 

The  great  reduction  in  the  organic  nitrogen,  as  shown  by 
the  albuminoid  ammonia,  and  the  conversion  of  this  into 
nitrates,  is  the  important  step  in  purification,  and  this  was 
much  more  completely  accomplished  in  the  first  three  months 
than  in  those  that  follow.  In  the  first  three  months  the 
albuminoid  ammonia  of  the  Avater  was  reduced  from  0.0120 
parts  to  0.0046  parts,  or  to  38  per  cent.,  white  in  the  last 
three  months  it  was  reduced  from  0.0135  parts  fo  0.0078 
parts,  or  to  58  per  cent.  It  was  evident  that,  although  this 
filter  of  very  coarse  sand,  in  which  had  been  precipitated  a 
small  amount  of  alumina,  had  very  satisfactorily  filtered  the 
equivalent  of  234,000,000  gallons  of  water  upon  an  acre  in 
nine  months,  it  was  at  that  time  deteriorating ;  and  the  sand 
will  now  be  subjected  to  the  precipitation,  throughout  its 
mass,  of  another  small  amount  of  alumina,  to  determine 
whether  this  is  the  element  which  enabled  it  to  give  so  good 
results  for  so  long  a  time. 

The  Laboratort  Work. 

The  laboratory  work  at  the  Lawrence  Experiment  Station, 
during  the  past  year,  has  consisted  mainly  of  the  examina- 
tion of  about  two  thousand  samples  of  sewage,  water  and 
sand.  A  new  laboratory  buildiug,  completed  in  July,  gives 
greatly  improved  facilities  for  work,  and  includes  a  well- 
equipped  biological  department. 

During  the  year  a  few  changes  have  been  made  in  the 
methods  of  analysis,  the  most  important  of  which  are  a 
greatly  improved  method  of  determining  nitrates,  and  a  more 
delicate  method  of  measuring  colors.  The  systematic  deter- 
mination of  loss  on  ignition  has  been  discontiuued,  and  the 
determination  of  oxygen  consumed  from  potassium  perman- 
ganate has  been  adopted,  a  long  series  of  experiments,  given 
in  the  report  now  being  published,  having  shown  that  the  loss 
on  ignition  gives  much  too  high  results  for  organic  matter,  in 
presence  of  the  high  nitrates  of  our  effluents,  even  when 
made  with  the  use  of  sodium  carbonate,  and  making  deduc- 
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tion  of  the  amount  that  the  salts  present  would  lose  if  quite 
free  from  organic  matter.  This  additional  loss  is  due  to  the 
fact  thaty  in  burning,  the  organic  matter  takes  a  portion  of 
the  oxygen,  necessary  for  its  combustion,  from  the  nitrates 
present,  reducing  them  to  nitrites  and  carbonates.  The 
loss  in  weight  thus  includes,  with  the  organic  matter,  the 
weight  of  a  large  portion  of  the  oxygen  required  for  its 
combustion. 

The  oxygen  consumed  shows  the  relative  quantities  of 
oxidizable  organic  matter,  but  not  its  total  amount.  The 
comparative  results  are  most  satisfactory,  being  far  more 
regular  than  the  loss  on  ignition,  and  in  general  unaffected 
by  the  presence  of  large  quantities  of  mineral  matter. 

By  the  aid  of  the  new  nitrate  process,  it  has  been  found 
that  there  is  no  loss  of  nitrogen  by  the  nitrification  of  an 
ammonia  solution  applied  to  sand ;  and  very  little,  if  any, 
loss  in  the  presence  of  a  large  amount  of  common  salt.  In 
the  presence  of  sugar,  however,  there  is  a  considerable 
percentage  of  nitrogen  unaccounted  for,  probably  given  off 
as  free  nitrogen ;  and  it  seems  probable  that  the  presence 
of  carbonaceous  substances,  more  or  less  similar  to  sugar, 
causes  the  loss  of  nitrogen  which  has  been  observed  in 
sewage  filtration. 

The  Biological  Work. 

The  biological  work  of  the  Lawrence  Experiment  Station  has 
been  steadily  continued  throughout  the  year.  A  systematic 
and  extended  examination  of  the  ice  supplies  of  the  CommoD- 
wcalth  was  concluded  early  in  the  year,  and  forms  a  portion 
of  a  special  report  to  the  last  Legislature. 

During  the  summer  of  1890  an  investigation  of  the  pablic 
wells  of  Massachusetts  was  undertaken,  and  many  important 
facts  were  brought  to  light ;  but,  for  the  full  understanding 
and  final  sanitary  interpretation  of  the  results  already 
obtained,  it  will  be  necessary  to  continue  the  work  for  at 
least  another  year. 

Special  studies  of  the  micro-organisms  of  sewage  have 
been  made  during  the  year,  and,  in  part,  brought  to  a  suo- 
cessful  conclusion.  As  a  result,  a  number  of  important  but 
hitherto  obscure  organisms  have  been  fully  studied,  classified 
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and  photographed.  Our  knowledge  of  the  true  nature  of 
sewage  has  thus  been  advanced,  and  a  step  taken  which  is 
important  and  necessary  in  making  much-desired  investiga- 
tions upon  the  relations  of  disease  germs  to  sewage. 

The  necessary  preliminary  steps  have  also  been  taken  for 
a  thorough  examination  of  the  behavior  of  the  germ  of 
typhoid  fever  in  sewage  and  in  drinking  waters ;  and  it  is 
hoped  that  during  the  coming  year  highly  important  practical 
conclusions  may  be  arrived  at  in  this  veiy  important  subject. 

By  the  work  of  the  past  year  new  light  has  been  thrown, 
also,  upon  the  question  of  sewage  purification,  and  the 
disposal  of  organic  waste  materials  by  soils  and  waters,  in 
an  elaborate  series  of  experiments  continued  since  the 
autumn  of  1888  by  the  biologists  and  chemists  of  the  Board. 
It  has  long  been  known  that  micro-organisms  are  the 
indispensable  agents  of  this  process  of  nitrification  ;  but  it  is 
only  within  the  year  that  a  more  intimate  and  specific 
knowledge  of  these  organisms  and  the  conditions  of  their 
activity  have  been  obtained.  During  1890,  however,  a 
8in£:le  worker  in  France  and  two  in  England  have  announced 
great  advances  in  this  direction.  Almost  simultaneously 
the  experts  of  the  Board  arrived  at  confirmatory  results,  the 
first  of  the  kind  obtained,  as  yet,  in  America.  These  results 
are  presented  in  an  appended  report  by  Mr.  Jordan. 
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EAINFALL   AND    EYAPORATION. 


Rainfall-  and  Evaporation. 

During  the  three  years  in  which  the  experiments  upon  filtration 
have  been  in  progress,  one  of  the  large  tanks  in  the  field  has  been 
used  to  measure  the  rainfall  and  the  evaporation.  This  tank  is  17 
feet  4  inches  in  diameter  at  the  top,  and  nearly  6  feet  deep.  The 
surface  of  the  water  has  been  kept  within  1.25  feet  from  the  top, 
and  has  generally  been  within  0.5  foot  from  the  top. 

In  winter  the  ice  which' formed  was  cut  around  the  edge  suffi- 
ciently to  free  the  mass  of  ice  from  the  sides  of  the  tank,  and  allow 
it  to  float,  so  that  observations  upon  the  height  of  water  would  give 
the  true  change  in  quantity.  These  observations  were  made  with  a 
hook  gauge  resting  upon  a  bolt  in  the  top  of  one  of  the  staves  of  the 
tank.  This  gauge,  divided  to  feet  and  thousandths,  was  read  dailv, 
morning  and  afternoon.  The  ice  cut  around  the  edge  was  thrown 
upon  the  surface  of  the  mass  of  ice. 

By  comparison  with  the  rain  gauge  kept  at  the  station,  and  another 
kept  a  mile  away,  the  rise  in  the  tank,  which  indicated  the  fall  of 
rain  or  snow,  was  found  on  a  few  occasions  in  winter  to  be  increased 
by  snow  being  blown  into  it.  Deduction  has  been  made  for  this  in 
the  following  table.  The  blowing  in  of  snow  between  storms  prob- 
ably decreased  the  apparent  evaporation  slightly ;  and  some  particles 
of  ice  flying  out  of  the  tank,  when  the  ice  was  cut  around  the  edge 
every  cold  morning,  probably  increased  the  apparent  evaporation  to 
a  small  extent.  These  errors  would  tend  to  counterbalance  one 
another,  and  their  resulting  amount  would,  as  appeared  evident  at 
the  time,  have  very  little  efiect  upon  the  total  evaporation. 

The  enlargement  of  the  area  of  surface  of  ice  exposed  to  the  air, 
caused  by  piling  the  ice  chips  from  the  edge  upon  the  mass  of  ice, 
may  have  increased  appreciably  the  evaporation  from  the  ice  during 
the  cold  months. 

The  results  for  each  month  are  given  in  the  following  table :  — 
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RainfaU  and  EvaporeUion  in  1888-89  and  1890. 


Average 

Evapocation 

Average 

Maximum 

daily 
Evaporation 

on  days 
when  there 

Maximum 

Rainfall 

Evapora- 

in 

dnily 

ilHily 

weekly 

Dati. 

in 
Inches. 

tion  In 
Inches. 

percentage 
of 

Evaporation 
in 

Evaporation 
In 

Evapora- 
tion. 

Raiufall. 

Liches. 

Inches. 

was  no 

Kainfali. 
Inches. 

Indies. 

188H. 

Jannary,    . 

4.44 

2.45 

65 

.08 

.17 

.11 

.78 

February,  . 

3.83 

2.16 

66 

.07 

.22 

.09 

.94 

March.        . 

6.17 

3.11 

60 

.10 

.20 

.12 

.90 

April, 

3  28 

3.23 

99 

.11 

.25 

.13 

.90 

May,   . 

4.14 

3.00 

72 

.10 

.18 

.13 

1.01 

JuDe,  . 

2.08 

4.94 

238 

.16 

.26 

.18 

1.55 

July,  . 

2.36 

6.20 

220 

.17 

.26 

.18 

149 

Aa«U8t. 

4.55 

3.88 

86 

.12 

.19 

.14 

1.16 

September, 

7.88 

2.62 

82 

.08 

.19 

.11 

.94 

October,     . 

6.86 

1.75 

80 

.06 

.16 

.08 

.62 

November, 

6.74 

1.26 

19 

.04 

.12 

.06 

.46 

I>ecember, 

4.78 

1.09 

23 

.03 

.10 

.05 

.86 

Year,   . 

66.11 

S4.69 

63 

.09 

- 

.12 

1880.' 

January,    . 

6.21 

.97 

19 

.03 

.07 

.04 

.34 

February,  . 

1.70 

1.74 

102 

.06 

.25 

.08 

.62 

March,        . 

2.68 

1.69 

63 

.05 

.10 

.06 

.58 

April, 

3.82 

2.33 

61 

.08 

.17 

.11 

.86 

May.    .        . 

4.10 

3.58 

87 

.12 

.19 

.12 

.96 

June,  . 

3.13 

3.71 

118 

.12 

.26 

.19 

1.46 

July,  . 

7.48 

3.49 

47 

.11 

.23 

.15 

1.03 

August,      . 

2.71 

8.49 

129 

.11 

.20 

.13 

l.Ol 

Bepiember, 

2.78 

2.51 

90 

.08 

.17 

.11 

.71 

October,     . 

4.13 

1.99 

48 

.06 

.11 

.08 

.58 

November, 

6.58 

1.07 

16 

.03 

.08 

.06 

.41 

December, 

3.32 

.00 

27 

.03 

.06 

.03 

.29 

Year.  . 

47.64 

27.47 

68 

.08 

- 

.10 

- 

1890. 

January,    . 

3.02 

.80 

26 

.03 

.20 

.05 

.46 

February,  . 

3.74 

.90 

24 

.03 

.10 

.08 

.26 

March, 

6.64 

.62 

9 

.02 

.08 

.06 

.25 

April, 

1.68 

2.26 

135 

.08 

.17 

.11 

.90 

May,  .        . 

4.78 

2.27 

48 

.07 

.19 

.13 

.86 

June,  • 

8.82 

4.20 

110 

.14 

.24 

.19 

1.20 

July.  .        . 

2.16 

4.56 

212 

.15 

.30 

.21 

151 

August,      . 

6.50 

3.62 

66 

.12 

.22 

.20 

1.20 

September, 

6.82 

2.48 

43 

.08 

.17 

.16 

.90 

October,     . 

8.26 

1.40 

17 

.06 

.20 

.11 

.60 

November, 

1.63 

.96 

69 

.03 

.08 

.04 

.26 

December, 

6.39 

1.34 

25 

.04 

.18 

.06 

.49 

Year,   . 

52.43 

26.41 

48 

.07 

- 

.12 

Mean  for  three  years, 

61.73 

29.16 

56 

.08 

- 

.11 

- 

The  rainfiill  in  each  of  the  three  years  was  above  the  average, 
which  for  twenty-four  years  was  44.21  inches.  That  of  1888,  of 
55.11  inches,  was  the  highest  that  has  ever  been  observed  here; 
47.64  inches  in  1889  was  3.43  inches  above  the  average,  and  52.43 
inches  in  1890  was  8.22  inches  above  the  avdrage.  Although  the 
rainfall  in  1888  was  7.5  inches  more  than  in  1889,  the  evaporation 
was  also  7.1  inches  more;  but  in  1890,  with  the  very  heavy  rain- 
fall, the  evaporation  was  2.06  inches  less  than  in  1889.  The  mean 
yearly  evaporation  for  the  three  years  was  29.16  inches,  and  that  of 
the  four  cold  months,  January,  February,  March  and  December, 
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was  5.98  inches,  or  six-tenths  as  much  as  the  average  four  months 
of  the  year. 

The  maximum  daily  evaporation  was,  in  June  and  July,  1888, 
and  in  June,  1889,  0.26  inch,  and  was  a  little  greater,  0.30  inch  in 
July,  1890.  The  average  daily  evaporation  on  days  when  there 
was  no  rainfall  was  highest  in  the  same  months,  and  amounted  to 
0.18  inch  in  1888,  0.19  inch  in  1889,  and  0.21  inch  in  1890. 

In  the  same  months  the  maximum  weekly  evaporation  amounted 
to  1.5  inches.  The  greatest  evaporation  in  one  month  was  5.2 
inches,  in  July,  1888,  and  the  least  was  0.62  inch,  in  March,  181)0. 

The  average  daily  evaporation  for  the  three  years  was  0.08  inch, 
and  the  average  daily  evaporation  on  days  when  there  was  no  rain- 
fall was  0.11  inch. 

The  average  daily  evaporation  in  the  four  months — May,  June, 
July  and  August  —  was  0.12  inch,  or  50  per  cent,  more  than  the 
average  per  year. 


The  care  and  skill  with  which  the  results  of  experiments  have  been 
tabulated  and  represented  by  diagrams  during  the  first  two  years  by 
Mr.  Irving  G.  Green,  and  during  the  last  year  by  Mr.  Frank  L. 
Fales,  are  worthy  of  cordial  commendation. 
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A  REPORT  OF  THE  CHEMICAL  WORK  OF  THE 
LAWRENCE  EXPERIMENT  STATION. 


The  chemical  work  of  the  Lawrence  Experiment  Station  has  con- 
sisted mainly  in  systematic  analyses  of  the  sewage  and  of  the 
various  effluents  resulting  from  the  filtration  of  the  sewage  through 
the  different  media.  These  results  will  be  found  tabulated  in  the 
preceding  pages. 

la  connection  with  the  regular  routine  work,  there  have  been 
made,  from  time  to  time,  analyses  both  chemical  and  mechanical  of 
the  various  filtering  materials,  analyses  of  the  gaseous  contents  of 
the  tanks,  and  many  other  determinations  of  an  allied  character 
which  throw  light  on  the  nature  and  efficiency  of  the  intermittent 
filtration  of  sewage.  Similar  work  has  also  been  done,  but  on  a 
much  more  limited  scale,  in  connection  with  the  filtration  of  water. 

The  experiments  on  the  purification  of  sewage  by  chemical  precip- 
itation were  carried  out  as  a  special  investigation.  The  record  of 
these  experiments  will  be  found  in  the  report  of  Mr.  Hazen  on  the 
"  Chemical  Precipitation  of  Sewage." 

Character  of  the  Sewage. 

The  study  of  the  changes  which  sewage  undergoes  in  any  process 
of  purification  centres  itself,  from  a  chemical  stand-point,  in  the 
determination  of  the  amount  and  character  of  the  organic  matter 
which  the  sewage  contains  in  solution  and  suspension.  Sewage 
may  be  said  in  a  general  way  to  be  water  carrying  with  it  less  than 
one  per  cent,  of  foreign  matters  of  mineral  and  organic  origin. 

The  organic  matters  which  give  sewage  its  distinctive  character 
are  seldom  present  in  the  sewage  of  cities,  with  abundant  water 
supply,  to  the  amount  of  one-tenth  of  one  per  cent.  Yet  it  is  this 
small  amount  of  organic  matter  which,  by  reason  of  the  putrefactive 
changes  which  it  is  capable  of  undergoing,  makes  the  sewage  repel- 
lent to  the  senses,  and  gives  it,  either  directly  or  indirectly,  its 
power  of  producing  disease.* 

*  The  character  of  the  sewage  of  Lawrence  used  in  these  experiments  is  shown  in  the  table 
of  analyses,  on  pages  35  and  36,  and  also  on  pages  88  to  121. 
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The  organic  matter  of  sewage  is  of  various  origin:  household 
wastes,  animal  and  vegetable  refuse,  human  excrement,  etc.,  all  in 
a  somewhat  advanced  state  of  decomposition.  The  extent  of  this 
decomposition  in  ordinary  sewage  is  limited  by  the  amount  of  oxygen 
in  the  water  which  carries  it.  Sewage  as  it  issues  from  city  sewere 
contains  no  dissolved  oxygen  and  no  oxidized  nitrogen.  The  avail- 
able oxygen  of  the  water  has  all  been  consumed  in  the  oxidation  of  a 
portion  of  the  carbon  of  the  organic  mutter,  and  has  not  sufficed  for 
the  oxidation  of  the  nitrogen  also.  In  this  condition  it  is  not  the 
excessively  repulsive  fluid  it  is  popularly  supposed  to  be.  Further 
and  complete  decomposition  can  only  go  on  by  access  of  an  addi- 
tional supply  of  oxygen,  which  the  sewage  may  take  up  from  the 
air  or  from  the  waters  into  which  it  flows. 

The  Products  of  Oxidation  of  Organic  Matter. 

In  the  decomposition  of  nitrogenous  organic  matter  on  exposure 
to  oxygen  the  carbon  is  first  oxidized ;  this  leaves  the  nitrogen  in 
^the  form  of  ammonia,  which,  under  favorable  conditions,  is  still 
further  oxidized  into  water  and  nitric  acid.  It  is  not  intended  to 
be  asserted  that  all  the  carbon  must  be  oxidized  before  nitrification 
can  begin  ;  without  doubt  the  two  actions  often  go  on  co-incidently. 
But,  in  general,  this  order  of  oxidation  is  observed,  not  only  where 
there  is  a  smaller  amount  of  oxygen  present  than  would  suffice  for 
the  complete  decomposition  of  nitrogenous  matter,  but  also  where 
the  oxygen  is  in  excess  of  that  needed  for  complete  decomposition. 

Sewage  affords  a  good  instance  of  the  decomposition  of  oi'ganic 
matter  arrested  in  its  first  stage,  with  the  carbon  partially  oxidized. 
The  nitrogen  of  the  organic  matter  is  converted  into  ammonia  in 
direct  proportion  as  the  carbon  is  converted  into  carbonic  acid.  In 
general,  therefore,  it  may  be  said  that  ammonium  carbonate  is  char- 
acteristic of  sewage ;  or,  as  expressed  in  the  ordinary  method  of 
recording  the  results  of  water  analyses,  *'  free  ammonia*'  is  seen  to 
be  the  principal  ingredient  of  organic  origin  in  sewage. 

When  sewage  flows  into  the  waters  of  a  stream  or  lake,  there  is 
often  an  immediate  development  of  nitrites  and  nitrates  which  is 
rendered  possible  by  the  presence  of  oxygen  in  the  waters.  But 
it  is  when  sewage  percolates  through  porous  earth  that  the  most 
favorable  conditions  for  the  complete  oxidation  of  the  organic 
matter  are  found,  and  it  is  to  the  study  of  the  changes  which  sewage 
undergoes  under  such  conditions  that  the  chemical  work  has  been 
mainly  directed. 
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The  process  of  the  decay  of  organic  matter,  whereby  it  is  con- 
verted into  inorganic  matter  through  the  action  of  oxygen,  is  one 
with  which  we  are  all  familiar  in  a  general  way  from  personal  obser- 
vation. The  two  extremes,  living  organized  matter  on  the  one  hand 
and  inert  mineral  matter  on  the  other,  are  sharply  distinguished  from 
each  other.  A  minute  study  of  this  process  shows  it  to  be  one  of 
considerable  intricacy,  differing  in  character  under  different  condi- 
tions, and  involving  the  formation  of  a  great  number  of  intermediate 
products.  Further,  it  is  well  known  that  these  changes  are  not  the 
result  of  direct  chemical  action,  but  are  in  some  way  dependent  on 
the  life  of  micro-organisms.  The  fact  that  we  often  speak  of  these 
changes  in  language  inherited  from  the  older  chemical  notions  of 
direct  oxidation,  does  not  imply  that  this  action  of  the  bacteria  is 
overlooked  or  ignored. 

Oxidation  of  organic  matter,  such  as  we  have  under  consideration, 
does  not  go  on  in  nature  without  the  presence  of  these  minute 
organisms,  even  though  the  supply  of  oxygen  is  unlimited.  By 
chemical  means,  as  in  the  use  of  oxidizing  agents,  such  as  nitric  acid, 
potassium  permanganate  and  the  like,  we  can  break  up  organic 
matter  and  accomplish  its  partial  oxidation.  The  effect  of  these 
oxidizing  agents,  is,  however,  limited  to  the  carbon,  hydrogen  and 
sulphur  of  the  organic  compounds,  and  does  not  extend  to  the 
nitrogen.  Ammonia  is  invariably  formed  when  nitrogenous  organic 
matter  is  thus  treated.  Except  when  we  have  the  action  of  nascent 
oxygen,  as  in  the  galvanic  decomposition  of  water,  we  may  say  that 
the  oxidation  of  organic  nitrogen  requires  the  presence  and  vital 
activity  of  bacteria. 

Chemical  analysis  as  directed  to  the  investigation  of  the  purifica- 
tion of  sewage  is  mainly  concerned  in  the  determination  of  the  condi- 
tion of  the  nitrogen,  as  an  index  of  the  state  and  progress  of  the 
oxidation  of  the  organic  matter,  Four  forms  of  nitrogen  compounds 
lend  themselves  readily  to  accurate  determinations  ;  namely,  organic 
nitrogen  (or  albuminoid  ammonia),  ammonia,  nitrous  acid  and 
nitric  acid,  this  order  being  that  of  progressive  change  from 
orscanized  to  mineral  matter.  In  addition  to  these  substances  there 
have  also  been  determined  in  the  sewage  and  effluents  the  turbidity, 
sediment,  color,  odor,  total  solids,  loss  on  ignition  and  chlorine ; 
occasionally,  also,  the  oxygen  consumed  from  potassium  perman- 
ganate, the  mineral  constituent,  etc. 

Following  is  a  description  of  the  processes  employed  in  these 
determinations :  — 
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METHODS   OF  ANALYSIS.* 

Determination  of  the  Free  and  Albuminoid  Ammonia. 

The  usual  determination  of  free  and  albuminoid  ammonia  is  carried 
out  by  distilling  off  from  500  cubic  centimeters  of  the  water  150 
cubic  centimeters  in  three  portions  for  the  free  ammonia;  then 
adding  40  cubic  centimeters  of  alkaline  permanganate,  and  distiliiag 
off  250  cubic  centimeters  into  50  cubic  centimeter  tubes.  The  con- 
densing pipes  are  of  block  tin,  three-eighths  of  an  inch  internal 
diameter,  which  descend  vertically  through  eighteen  inches  of  flow- 
ing water  in  a  copper  tank.  The  condensing  apparatus,  which  is 
fitted  with  six  of  these  tin  tubes,  is  in  general  arrangement  the  same 
as  that  described  by  Prof.  S.  W.  Johnson  in  the  Bulletin  No.  10  of 
the  United  States  Department  of  Agriculture,  Division  of  Chem- 
istry, f 

The  condensation  of  the  ammonia  in  this  apparatus  is  complete. 
For  some  time  an  apparent  loss  of  ammonia  was  noticed,  which 
seemed  to  confirm  Dr.  Smart's  statement  that  from  5  to  15  per  cent, 
of  the  ammonia  might  be  lost  from  imperfect  condensation.  But  it 
was  subsequently  found  in  the  course  of  experiments  carried  on  at 
the  station,  that  the  temperature  of  the  water  when  nesslerized  is  an 
important  factor  in  the  depth  of  color  produced,  cold  solutions  pro- 
ducing much  less  intensity  of  color  than  warmer  solutions  with  the 
same  contents  of  ammonia. ( 

The  equalization  of  temperature  after  nesslerization  does  not  bring 
about  the  same  depth  of  color.  When  a  distillate  is  nesslerized 
directly  after  condensation  with  water  of  much  lower  temperature 
than  that  of  the  room,  the  color  will  be  much  lighter  than  that  pro- 
duced from  the  same  amount  of  ammonia  in  the  standard  solution. 
When  care  is  observed  to  have  the  temperature  of  the  distillate  the 
same  as  that  of  the  standard,  it  will  be  found  th:it  the  ammonia 
obtained  by  distillation  from  water  to  which  a  known  amount  of 
ammonium  chloride  has  been  added  is  quantitatively  accurate. 

*  The  methods  employed  at  the  Lawrence  Experiment  Station  are  essenttallj  the  am  u 
those  used  in  the  analyses  of  natural  waters,  and  given  in  the  first  volume  of  this  report  Some 
modifications  of  these  methods  have,  however,  come  into  use  in  the  Lawrence  laboratorj  u 
better  adapted  to  the  analysis  of  sewage  and  the  effluents  therefrom. 

t  Also  Jour.  Analytical  Chem.,  Vol.  IV.,  p.  179. 

X  See  paper  *^  On  the  Effect  of  Temperature  upon  the  Determination  of  Ammonia  by  Nessle- 
rization/' by  Allen  Hazen  and  Harry  W.  ClarlL,  in  the  Am.  Cham.  Journal,  Vol.  12,  p.  425. 
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In  the  determination  of  the  free  and  albuminoid  ammonia  in  the 
sands  of  the  filtering  tanks,  and  in  sewage,  it  has  been  found  most 
convenient  to  place  the  sand  or  sewage  in  a  small,  long-necked 
flask,  and  to  pass  through  it,  by  means  of  a  glass  tube,  extending 
nearly  to  the  bottom  of  the  flask,  steam  from  ammonia  free  water 
which  is  boiled  in  a  flask  of  a  suitable  size.*  When  the  ammonia  i? 
all  driven  ofl^,  which  is  always  the  case  in  the  first  distillate  of  50 
cubic  centimeters,  alkaline  permanganate  is  added  to  the  small  flask, 
and  the  distillation  continued.  The  albuminoid  ammonia  is  given 
oflf  under  these  conditions  much  more  promptly  than  when  the  sewage 
is  diluted  as  in  the  ordinary  process  of  water  analysis,  and  bumping 
is  avoided. 

Determination  of  the  Organic  Nitrogen. 
The  determination  of  the  total  organic  nitrogen  in  the  sewage  and 
eflluent  by  the  Frankland  process  has  not  been  attempted,  owing  to 
the  difficult  and  tedious  nature  of  the  process,  and  the  uncertainty 
that  attaches  to  the  results.  The  Kjeldahl  nitrogen  process  has  been 
used  for  this  purpose  with  success,  and  a  large  number  of  determi- 
nations have  been  made,  with  the  object  of  obtaining,  if  possible,  a 
factor  by  which  the  albuminoid  ammonia  might  be  multiplied  to  con- 
vert it  into  organic  nitrogen. f  It  was  not  to  be  expected  that,  in 
all  the  varieties  and  conditions  of  the  nitrogenous  matter  which  are 
found  in  the  sewage  and  sands. and  effluents,  the  relation  of  the 
albuminoid  ammonia  to  the  organic  nitrogen  would  be  the  same. 
As  the  result  of  many  hundred  comparative  determinations  of  the 
albuminoid  ammonia  and  organic  nitrogen  in  natural  waters,  in 
sewage  and  in  the  effluents,  it  may  be  said  that  the  organic  nitrogen, 
calculated  as  ammonia,  is  about  twice  as  great  as  the  albuminoid 
ammonia.  This  is  in  general  agreement  with  the  yield  of  nitrogen 
as  ammonia  which  Wanklyn  obtained  by  his  process  from  albumen. 

Determination  op  the  Nitrogen  as  Nftrates. 
The  phenolsulphonic  acid  process  of  Grand val  and  Lajoux  J  has  been 
used  for  the  determination  of  the  nitrates  in  waters  and  the  effluents 

*  See  paper  "  On  An  Apparatus  for  the  Determination  of  Ammonias  in  Sand  and  Sewage/' 
by  Allen  Hazen,  Am.  Chem.  Journal,  Vol.  12,  p.  427. 

t  See  Vol.  I.  of  this  Report,  page  626,  also  a  paper  **  On  the  Determination  of  Organic  Nitro- 
gen in  Natural  Waters  by  the  Kjedahl  Method,"  by  T.  M.  Drown  and  Henry  Martin,  Tech. 
Quarterly,  February,  1889;  Chemical  News,  Vol.  69,  p.  82. 

t  Comptes  Rendus,  July  6, 1885. 
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from  the  sewage  filtration.  It  consists  in  treating  the  residue  of 
evaporation  of  a  measured  portion  of  water  with  phenolsulphonic 
acid,  and,  after  dilution  with  water,  adding  an  excess  of  alkali. 
The  yellow  color  produced  when  nitric  acid  is  present  is  compared 
with  that  obtained  by  a  like  treatment  of  a  known  amount  of  potas- 
sium nitrate. 

Ceitain  precautions  must  be  observed  in  carrying  out  this  process 
to  ensure  good  results.  The  residue  of  evaporation  must  not  con- 
tain organic  matter,  or  iron  in  sufficient  amount  to  affect  the  yellow 
color.  The  coloring  matters  of  brown  surface  waters  must  be 
removed  by  treating  the  water  with  a  very  little  precipitated  and 
washed  aluminum  hydrate,  or  by  warming  with  a  little  alum  and 
sodium  carbonate.  Iron  salts  are  also  removed  by  sodium  car- 
bonate. 

The  water  is  evaporated  in  a  small  porcelain  dish.  The  addition 
of  a  little  sodium  carbonate  is  necessary,  otherwise  a  considerable 
loss  of  nitric  acid  may  take  place  on  evaporation. 

The  amount  of  phenol  dissolved  in  the  sulphuric  acid  is  usually 
about  5  per  cent.,  but  the  presence  of  a  larger  or  smaller  amount 
does  not  seem  to  affect  the  result.  It  is  necessary  that  the  phenol 
be  quite  pure.  Ihe  sulphuric  acid  must  not  contain  more  than  10 
per  cent,  of  water,  or  the  results  will  be  too  low. 

The  phenolsulphonic  acid  is  added  directly  to  the  residue  of  evai)- 
oration  in  the  porcelain  dish.  Enough  should  be  added  to  cover 
easily  and  promptly  the  entire  residue.  The  reaction  is  complete 
at  once  and  without  warming.  Water  is  added  to  the  dish  to  dilute 
the  acid,  and  then  an  excess  of  alkali,  when  if  nitrates  were  present  in 
the  water,  the  yellow  color  will  appear.  Either  ammonia  or  fixed 
caustic  alkali  can  bo  used  for  this  purpose.  Ammonia  is  of  course 
inadmissible  when  the  operation  is  performed  in  a  room  in  which 
ammonia  determinations  are  made. 

Standards  for  the  comparison  of  the  depth  of  color  produced  may 
be  made  in  several  ways  :  Measured  quantities  of  a  solution  of  pouis- 
sium  nitrate  may  be  evapomted  under  the  same  conditions  as  the 
water  to  be  tested,  or,  a  solution  may  be  prepared  by  treating  a 
considerable  quantity  of  potassium  nitrate  with  an  excess  of  phenol- 
sulphonic acid,  and  then  diluting  largely  with  water.  The  use  of  a 
solution  thus  prepared,  having  a  known  content  of  nitrogen,  obvi- 
ates the  necessity  of  evaporation  to  dryness,  the  yellow  color  being 
produced  by  the  direct  addition  of  alkali. 
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This  yellow  color  is  permanent,  and  standards  protected  from 
dust  have  been  in  daily  use  for  months  without  deterioration.  When 
permanent  standards  are  used,  it  is  desirable  to  verify  them  from 
time  to  time  by  the  evaporation  of  measured  volumes  of  potassium 
nitrate  solution  as  in  the  first  method  mentioned.  Comparison  of 
color  should  of  course  be  made  in  the  same  bulk.  Tubes  holding  50 
cubic  centimeters  such  as  are  used  for  nesslerization  of  ammonia, 
have  been  used. 

It  is  generally  stated  that  the  compound  formed  in  this  process  is 
picric  acid,  or  trinitro-phenol.  This  is  not  the  case.  The  principal 
product  is  para-mononitro-phenol  with  more  or  less  ortho,  and  possi- 
bly a  small  amount  of  di-  and  trinitro-phenols.  This  is  shown  to  be 
the  case  by  some  experiments  with  solutions  of  the  different  com- 
pounds, which  there  was  reason  to  suppose  might  be  formed  in  this 
process,  made  of  such  strength  that  each  contained  one  part  per 
100,000  of  nitrogen.  A  standard  solution  was  also  made  of  the 
same  strength  by  treating  potassium  nitrate  with  phenolsulphonic 
acid.  The  volume  of  these  different  solutions  required  to  give 
equal  colors  with  excess  of  alkali  when  compared  in  50  cubic  centi- 
meters, Nessler  tubes,  is  showQ  in  the  following  table  :  — 


Comparison  of  Solutions  of  Nitro-Phenols, 


standard. 

Ortho- 

mononitro- 

pbenoL 

Pani- 

mononitro- 

pheuol. 

Dlnltfo- 
phenol. 

Trlnltro- ' 
phenol. 

SUndard. 

Ortho- 

monnnltro- 

phcnol. 

Pnni- 

mononttro- 

phenol. 

Dinltro- 
phenoL 

Trlnltro- 
phenol. 

.10 

.U 

.07 

.20 

.80 

1.0 

.80 

1.8 

8.00 

7.00 

.20 

.20 

.13 

.40 

.70 

2.0 

1.1 

0.0 

7.0O 

15.0 

.80 

.80 

.22 

.60 

1.10 

3.0 

1.6 

35.0 

16.0 

30.0 

.40 

.88 

.82 

.90 

1.60 

6.0 

1.9 

[W.+] 

30.0 

45.0 

.60 

.45 

.40 

1.15 

2.10 

70 

2.3 

- 

45.0 

- 

.60 

.65 

.00 

1.55 

8.00 

20.0 

6.0 

- 

- 

- 

.70 

.02 

.80 

1.00 

4.00 

1 

60.0 

10.0 

- 

- 

- 

The  standards  do  not  agree  with  any  of  the  solutions,  least  of  all 
with  the  trinitro-phenol  solution.  They  are  more  deeply  colored 
than  either  the  di-  or  the  trinitro-phenol  at  any  point.  The  lower 
standards  agree  with  the  ortho-mononitro-phenol,  and  are  lower 
than  the  para,  while^the  higher  standards  are  much  more  deeply 
colored  than  the  para,  but  lighter  than  the  ortho  compound. 

Attempts  have  been  made  to  so  mix  these  different  solutions  that 
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the  mixture  would  have  the  color  of  the  standard  solution  in  all 
degrees  of  dilution.  These  attempts  have  not  been  entirely  suc- 
cessful. It  is  very  easy  to  make  a  mixture  which  will  agree  with 
the  standard  at  any  particular  point  or  at  a  number  of  points,  but 
there  is  difficulty  in  so  adjusting  it  that  it  will  agree  at  every  point. 
A  mixture  of  15  per  cent,  ortho  with  60  to  80  per  cent,  para  and 
the  rest  di-  and  trinitro-phenols  will  not  be  very  far  from  the 
standard  at  any  point.  It  is  concluded  from  this  that  the  yellow 
color  produced  is  not  that  of  a  single  compound,  but  of  a  mixture 
of  several.  It  is  clear,  therefore,  that  different  methods  of  pro- 
cedure in  this  process  may  give  widely  differing  results,  owing  to 
variations  in  the  proportions  of  the  nitro-phenols  formed.  It  is  on 
this  account  of  the  highest  importance  that  absolute  identity  of 
treatment  of  the  waters  and  of  the  standards  should  be  obsened. 
It  is  also  desirable  that  the  amount  of  water  evaporated  for  this 
test  should  contain  between  .003  to  .006  milligrams  of  nitrogeu. 
Irregularities  arising  from  differences  of  color  are  much  less  within 
these  limits  than  when  larger  quantities  are  used. 

Another  disturbing  element  in  this  process  is  chlorine,  which 
causes  a  loss  of  nitric  acid  when  ihe  residue  of  evaporation  is 
treated  with  the  phenolsulphonic  acid.  As  a  result  of  an  extensive 
series  of  experiments  on  the  effluents  of  the  sewage  filtration  and 
on  solutions  containing  known  amounts  of  nitrates,  it  has  been 
satisfactorily  settled  that  the  determinations  of  nitrogen  as  nitrates 
in  these  effluents  have  been  about  ten  per  cent,  too  low,  owing  to 
the  presence  of  5  to  6  parts  of  chlorine  per  100,000,  which  was 
originally  contained  in  the  sewage. 

This  process  has  now  been  given  up  at  the  laboratory  of  the 
experiment  station,  and  replaced  by  the  aluminum  process,  which 
gives  much  more  accurate  results  in  our  effluents  containing  much 
chlorine  and  comparatively  little  organic  matter. 

The  process  is  carried  out  as  follows :  A  50  cubic  centimeter 
tube  is  filled  with  the  water,  and  an  excess  (about  2  grams)  of 
aluminum  wire  is  added,  with  2  cubic  centimeters  of  a  very  strong 
solution  of  caustic  soda,  free  from  nitrogen.  It  is  then  allowed  to 
stand  over  night  in  a  warm  place,  and  a  measured  portion,  usually 
from  2  to  10  cubic  centimeters,  removed  and  made  up  with  distilled 
water  of  the  same  temperature  as  the  ammonia  standards  to  50  cubic 
centimeters,  and  nesslerized.  The  blank  is  so  small  that  it  can  be 
neglected  when  10  cubic  centimeters  or  less  is  nesslerized.    The 
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ammonia  carried  off  by  the  evolved  hydrogen  has  frequently  been 
caught  in  a  trap,  and  determined.  With  2  cubic  centimeters  of 
caustic  soda  and  at  temperatures  below  30^,  the  loss  will  not  exceed 
2  per  cent,  in  any  case.  Using  too  little  caustic  soda  or  keeping 
the  tubes  at  too  low  a  temperature,  the  nitrate  is  not  all  reduced, 
while  with  opposite  conditions  an  appreciable  amount  of  ammonia 
is  carried  away  by  the  hydrogen.  Taking  due  care  as  to  these 
conditions,  we  have  obtained  very  satisfactory  results.  In  calcu- 
lating the  nitrate,  deduction  is  made  for  the  free  ammonia  and 
nitrite,  but  when  the  ammonia  amounts  to  a  considerable  fraction 
of  the  total  nitrogen,  it  is  first  removed  by  boiling  with  the  caustic 
soda  and  thoroughly  cooled  before  adding  the  aluminum.  When 
waters  do  not  give  good  colors  by  direct  nesslerization  it  is  necessary 
to  distill.  This  can  be  most  conveniently  done  indirectly  by  a 
current  of  steam. 

Determination  of  the  Nitrogen  as  Nitrites. 
The  nitrogen  in  the  form  of  nitrites  is  determined  by  the  Griess 
method  essentially  as  described  in  the  first  volume  of  this  report. 
The  practice  at  the  station  has  been  as  follows :  One  cubic  centi- 
meter each  of  an  acid-saturated  solution  of  sulphanilic  acid  and  of 
a  saturated  solution  of  napthylamine  hydrochlorate  are  added  to  50 
cubic  centimeters  of  water,  and  comparison  made  of  the  pink  color 
produced  when  nitrites  are  present,  with  solutions  of  known  amounts 
of  nitrites  in  pure  water.  The  comparison  is  made  after  one 
hour's  standing.  A  marked  pink  color  is  produced  by  as  little  as 
.0001  part  of  nitrogen  as  nitrite  in  100,000  parts  of  water. 

The  Determination  of  the  Residue  of  Evaporation,  and  the 

Loss  ON  Ignition. 
The  residue  of  the  evaporation  of  a  water  to  dryness  in  a  platinum 
dish  on  a  water  bath,  and  drying  in  an  oven  at  100°  or  110°  C.  is 
known  as  the  «*  total  solids  "  of  the  water.  It  includes  both  mineral 
and  organic  matter,  and  may  contain  the  water  of  hydration  of  some 
salts.  When  the  residue  is  heated  to  redness,  the  organic  matter  is 
burned  off,  and  this  **  loss  on  ignition**  w^s,  before  the  introduction 
of  modern  methods  of  water  analysis,  supposed  to  express  the 
amount  of  organic  matter  in  the  water.  It  is  now  known  that  this 
loss  on  ignition  as  ordinarily  obtained  is  a  meaningless  determination, 
although  it  is  still  often  included  in  the  record  of  water  analyses. 
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We  have  endeavored  to  carry  out  this  ignition  of  the  solid  residue 
of  evaporation  under  carefully  controlled  conditions,  so  that  it  shall 
express  closely  the  total  organic  matter  in  the  water,  and  become  a 
determination  of  value. 

In  order  to  have  a  reasonably  constant  temperature  of  ignition, 
sufficiently  high  to  burn  off  all  the  organic  matter  and  yet  not  high 
enough  to  decompose  calcium  carbonate,  sodium  and  potassium 
nitrates,  or  volatilize  the  alkaline  chlorides,  we  heat  the  platinum 
dish  containing  the  residue,  in  a  radiator,  which  is  another  platinum 
dish  enough  larger  to  allow  an  air  space  of  about  half  an  inch 
between  the  dishes.  Over  the  inner  dish  is  suspended  a  disk  of 
platinum  foil,  to  radiate  back  the  heat  into  the  dish.  The  larger 
platinum  dish  is  heated  to  bright  redness  by  an  argand  gas  burner.* 

This  procedure  answers  well  with  ordinary  soft  surface  waters, 
but  waters  with  high  and  varied  mineral  contents  may  suffer  loss  on 
evaporation  (especially  when  magnesium  salts  are  present),  and 
also  in  the  subsequent  heating  in  the  radiator. 

To  avoid  this  los?,  a  known  amount  of  sodium  carbonate  is  added 
to  the  solution  before  evaporation.  The  lime  and  magnesia  are  then 
precipitated  as  carbonates,  and  the  acid  radicals  are  all  provided 
with  an  alkaline  base.  The  solid  residue  obtained  under  these 
conditions  does  not  contain  water  of  crystallization,  and  the  total 
solids,  after  deducting  the  amount  of  sodium  carbonate  added,  mar 
for  this  reason  be  less  than  would  be  obtained  by  the  simple 
evaporation  of  the  water  without  the  addition  of  the  alkali. 

The  fixed  residue  obtained  represents  exactly  the  anhydrous 
mineral  matter  present,  for  the  weight  of  the  sodium  carbonate  used, 
and  the  anhydrous  calcium  or  magnesium  salt,  is  just  equal  to  that 
of  the  calcium  or  magnesium  carbonate  and  sodium  salt  formed. 

This  addition  of  sodium  carbonate  to  the  water  before  evaporation 
is  not  new,  but  the  precise  effect  of  its  use  upon  the  loss  on 
ignition,  in  the  presence  of  different  mineral  compounds,  has  not 
been  before  fully  studied. 

The  following  experiments  on  solutions  of  various  salts  (in  most 
cases  free  from  all  organic  matter)  show  how  far  the  composition  of 
the  mineral  salts  may  affect  the  determination  of  the  organic  matter 
by  the  loss  on  ignition  :  — 


•  See  paper  on  the  "  Loss  on  Ignition  in  Water  Analysis,"  by  T.  M.  Drown,  Tech.  Qnarterlr, 
Dec,  1888,  Chem.  News,  vol.  59,  p.  272. 
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Table  showiiig  the  Loss  on  IgnUion  on  Heating  the  Eesidue  of  Evaporation  of 
Various  Salts,  tvilh  and  without  Sodium  Carbonate, 


Salts  Takcm. 


Amount 
Taken. 
Onmi. 


Total 
SoUdf. 


Loss  on 
Ignition. 


Fixed 
Residue. 


DUtllled  water,       .       .       .   ' 

Distilled  water,  another  sample 

Distilled  water  with  sodium  carbonate,  after  deduct- 
ing the  amount  added, 

Sodium  carbonate, 

Sodium  carbonate 

Sodium  carbonate, 

Sodium  carbonate, 

Sodium  carbonate, 

Sodium  carbonate, 

Sodium  carbonate 

Sodium  carbonate, 

Sodium  carbonate 

Sodium  carbonate .        .        . 

Sodium  carbonate, 


100 
100 


100 


Sodium  cI  lorlde, 
Sodium  chloride. 
Sodium  chloride. 

Sodium  nitrate. 
Sodium  nitrate, 


.0027 
.00&3 
.0133 
.0183 
.0133 
.0250 
.0250 
.0250 
.0265 
.0245 
.0476 

.0050 
.0250 
.0500 

.0212 
.0425 


Sodium  nitrate  with  sodium  carbonate, 


.0212 


Potassium  sulphate. 
Potassium  sulphate. 


.0100 
.0250 


Potassium  sulphate,  with  sodium  carbonate, 
Potassium  sulphate,  with  sodium  carbonate, 


.0100 
.0250 


Potassium 
Potassium 
Potassium 
Potassium 
Potassium 
Potassium 


nitrate, 
nitrate, 
nitrate,  . 
nitrate, 
nitrate, 
nitrate,  . 


.0072 
.0144 
.0200 
.0200 
.0361 
.0721 


Potassium  nitrate  with  sodium  carbonate,  . 
Potassium  nitrate  with  sodium  carbonate,  . 
Potassium  nitrate  with  sodium  carbonate,  . 


.0072 
.0200 
.0200 


Calcium  chloride, 


.0101 


Calcium  chloride  with  sodium  carbonate,  . 
Calcium  chloride  with  sodium  carbonate,  . 
Calcium  chloride  with  sodium  carbonate,   . 

Calcium  carbonate  dissolved  in  CO,  water, . 


.0101 


.0480 


Magnesium  chloride, 
Magnesium  chloride, 
Magnesium  chloride. 


.0200 
.0200 
.0400 


.0001 
.0007 

.0004 
.0032 
.0068 
.0187 
.0135 
.0138 
.0240 
.0262 
.0259 
.0272 
.0270 
.0492 

.0058 
.0248 
.0504 

.0220 
.0480 

.0217 

.0102 
.0250 

.0118 
.0266 

.0076 
.0146 
.0204 
.0200 
.0366 
.0719 

.0071 
.0214 
.0209 

.0134 

.0103 
.0347 
.0340 

.0492 

.0390 
.0362 
.0742 


.0000 
.0002 

.0000 
.0000 
.0002 
.0001 
.0002 
.0001 
.0002 
.0000 
.0002 
.0000 
.0000 
.0002 

.0000 
.0000 
.0003 

.0001 
.0001 

.0001 

.0000 
.0000 

.0010 
.0006 

.0000 
.0001 
.0003 
.0002 
.0000 
.0001 

.0003 
.0009 
.0005 


.0000 
.0003 
.0003 

.0003 

.0290 
.0262 
.0540 


.0001 
.0005 

.0004 
.0032 
.0061 
.0136 
.0133 
.0137 


.0257 
.0272 
.0270 
.0400 

.0058 
.0248 
.0501 

.0219 
.0429 

.0216 

.0102 
.0250 

.0108 
.0260 

.0076 
.0145 
.0201 
.0198 
.0366 
.0718 

.0068 
.0205 
.0204 

.0146 

.0103 
.0344 
.0337 

.0489 

.0100 
.0100 
.0202 
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Table  shoimng  the  Loss  on  Ignition  on  Heating  the  Residue  of  Evaporation  of 
Various  Salts,  with  and  without  Sodium  Carbonate — Concluded. 


Salts  Takbx. 


AmoQiit 
Taken. 
Grams. 


Total 
8oUda. 


LoMon 
Ignition. 


Fixed 
Residue. 


Magtiealum  chloride  with  sodlnm  carbonate, 
MagDeelam  chloride  with  sodium  carbonate, 
Magnesium  chloride  with  sodium  carbonate. 
Magnesium  chloride  with  sodium  carbonate, 


Magnesium 
Magnesium 
Magnesium 
Magnesium 
Magnesium 
Magnesium 
Magnesium 
Magnesium 


carbonate  in 
carbonate  in 
carbonate  in 
carbonate  in 
carbonate  In 
carbonate  in 
carbonate  in 
carbonate  in 


COj  water, 
COs  water, 
COs  water, 
CO,  water, 
CO,  water, 
CO,  water, 
CO,  water, 
CO,  water. 


Magnesium  carbonate  with  sodium  carbonate. 


Sugar i       ,       , 

Sugar  with  sodium  carbonate,      .... 

Sugar  with  .0212  gr.,  sodium  nitrate,  . 

Sugar  with  .0212  gr.  nitrate,  and  sodium  carbonate, 


.0200 


.0400 
.0400 


.0010 
.0037 
.0113 
.0188 
.0281 
.0376 
.1879 
.8759 

.0188 

.0050 
.0050 
.0050 
.0050 


.0211 
.0209 
.0392 
.0435 

.0030 
.0002 
.0136 
.0219 
.0352 
.0427 
.2485 
.4670 

.0220 

.0065 
.0067 
.0267 


.0058 
.0036 
.0066 
.0053 

.0012 
.0025 
.0052 
.0058 
.0154 
.0156 
.0711 
.1072 

.0059 

.0060 
.0049 
.0070 
.0092 


.6153 
.0173 


.001 S 
.0067 
.0084 
.0161 
.0191 
.0371 
.1774 
.3503 

.0161 

.0015 
.OOIS 
.0197 
.0196 


It  will  be  seen  that  with  most  of  the  salts  there  is  a  slight  loss  on 
ignition,  ranging  from  nothing  to  .0003  gram.  Within  these  limits 
are  included  the  blank  (distilled  water)  sodium  carbonate,  sodium 
chloride,  sodium  nitrate,  potassium  nitrate,  potassium  sulphate, 
calcium  chloride  (with  soda)  and  calcium  carbonate.  With  these 
salts  the  loss  seems  to  be  independent  of  the  nature  of  the  salt  and 
of  the  amount  used.  The  loss,  averaging  only  .00012  gram  for 
thirty-two  determinations,  depends  rather  upon  the  manipulation 
than  upon  any  change  in  the  sajts. 

With  potassium  nitrate  and  potassium  sulphate  with  sodiam 
carbonate,  the  loss  is  greater.  This  may  be  due  to  the  production 
of  potassium  carbonate,  which  is  deliquescent.  The  quantity  taken 
for  the  last  two  experiments  contained  eight  or  ten  times  as  much 
potassium  as  is  usually  present  in  100  cubic  centimeters  of  Lawrence 
effluent.  The  loss  on  ignition  found  was  .0005  and  .0009  gram. 
Taking  the  average  of  these  two  determinations,  the  probable  loss 
on  ignition  due  to  potassium  in  effluents  is  .00008  gram. 

By  far  the  greatest  loss  is  due  to  magnesium  salts.  Without 
sodium  carbonate  the  loss  on  ignition  is  so  large  that  neither  the 
total  solids  nor  fixed  residue  is  an  approxiiliation  to  the  weight  of 
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the  anhydrous  salt-  With  sodium  carbonate  the  loss  is  very  much 
reduced,  but  still  is  much  greater  than  with  the  other  salts*  This 
in  owing  principally  to  the  loss  of  carbonic  acid,  and  probably  also 
of  combined  water  from  magnesium  carbonate.  The  loss  is  to  some ' 
extent  proportional  to  the  amount  of  the  magnesia,  but  is  less  in 
presence  of  sodium  carbonate  than  with  magnesium  carbonate 
alone.  Since  in  the  determinations  of  solids  there  is  always  an 
excess  of  sodium  carbonate  present,  the  results  obtained  with  its 
use  need  only  be  considered.  These  were  69,  43,  40,  32,  and  66 
per  cent,  (average  50  per  cent.)  of  the  weight  of  the  magnesia 
present.  Nine  analyses  of  Lawrence  sewage  and  effluents  have 
shown  from  .51  to  1.06  parts  magnesia,  averaging  .74  parts,  or  in 
100  cubic  centimeters,  .00074  gram.  Taking  the  average  loss  on 
ignition  due  to  magnesia  as  one-half  of  this,  we  have  .00037  gram. 
If  we  now  attempt  to  apply  a  correction  for  the  loss  on  ignition 
in  the  Lawrence  sewage  and  effluents  based  on  the  above  data  we 
have :  — 

Loss  dae  to  manipulation, 0.00012  gram. 

Loss  of  water  from  potassium  carbonate,     .        .        .        0.00008     " 
Loss  of  carbonic  acid  from  magnesium  carbonate,       .       0.00037     ** 

Total, 0.00067     " 

in  100  cubic  centimeters ;  or  0.57  parts  per  100,000. 

It  is  probable  that  the  magnesia  is  lower  in  winter  than  in  summer, 
as  the  chlorine  and  other  salts  are  known  to  be,  and  so  the  average 
winter  blank  would  be  smaller,  and  the  summer  blank  greater  than 
this  estimate. 

Aside  from  this,  the  winter  results  are  more  accurate,  for  the  dry 
air  of  the  laboratory  during  cold  weather  is  more  favorable  for 
accurate  weighing. 

In  water  containing  organic  matter,  together  with  high  nitrates, 
as  in  the  case  with  our  effluents,  the  organic  matter,  in  burning, 
takes  a  portion  of  the  oxygen  necessary  for  its  combustion  from  the 
nitrates,  reducing  them  to  nitrites  and  carbonates.  This  loss  is  shown 
by  the  experiments  with  sugar  in  the  preceding  table.  The  addi- 
tional loss  must  be  less  than  the  weight  of  oxygen  required  to  burn 
completely  the  organic  matter,  and  so  it  will  probably  never  exceed 
the  weight  of  the  organic  matter,  and  the  total  loss  corrected  for  the 
loss  due  to  the  salts  themselves  will  not  exceed  twice  the  weight  of 
the  organic  matter  present.  , 
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The  loss  in  weight  on  ignition  in  the  case  of  sewage  and  of  surface 
waters  which  blacken  on  ignition,  may  under  these  conditions  be 
regarded  as  a  close  approximation  to  the  organic  matter  present, 
both  animal  and  vegetable.  In  the  Lawrence  effluents  the  loss  cor- 
rected for  the  average  blank  gives  a  maximum  limit  for  the  organic 
matter,  and  one-half  of  the  corrected  loss,  as  above  indicated,  may  be 
taken  as  a  minimum  limit,  keeping  in  mind,  always,  the  possible 
error  in  single  determinations. 

Determination  of  the  Chlorine. 

The  determination  of  chlorine  is  made  by  titration  with  silver 
nitrate  solution,  using  potassium  chromate  as  indicator.  The  titra- 
tions are  made  in  a  porcelain  dish,  with  another  dish  alongside  cod- 
taining  the  chromate  solution  for  comparison.  A  careful  study  of 
this  process  has  shown  that  the  results  vary  with  the  volume  of 
solution  in  which  the  titration  is  made,  the  amount  of  chromate  used, 
and  the  amount  of  precipitated  silver  chloride  present.*  Withio 
limits,  it  may  be  said  that  the  greater  the  amount  of  potassium 
chromate  used  as  indicator,  the  smaller  will  be  the  required  excess 
of  silver  solution.  One  milligram  per  cubic  centimeter  of  liquid 
titrated  —  a  much  larger  amount  than  is  generally  recommended— 
has  been  found  advantageous.  A  correction  for  volume  may 
be  made  by  applying  the  formula  X  =  .003t;  +  .02  where  v  is 
the  volume  of  the  liquid  at  the  end  of  the  titration  in  cubic  centi- 
meters, with  a  silver  solution,  1  cubic  centimeter  of  which  equals 
half  a  milligram  of  chlorine.  Thus,  with  a  volume  of  3  cubic  centi- 
meters the  correction  is  0.03  cubic  centimers  ;  with  a  volume  of  50 
cubic  centimeters  the  correction  is  0.17  cubic  centimeters.  The 
required  excess  of  silver  solution,  in  addition  to  the  correction  for 
volume,  increases  regularly  with  the  amount  of  precipitated  silver 
chloride,  and  is  nearly  proportional  to  the  amount  of  silver  solution 
used. 

The  correction  is  about  one  per  cent,  of  the  volume  of  the  silver 
solution.  If  the  silver  solution  is  standardized  against  sodium 
chloride  making  the  correction  for  volume,  it  will  be  of  this  strength, 
and  no  correction  will  be  required  for  the  amount  of  precipitate.  If 
the  amount  of  chlorine  in  the  solution  is  very  small,  the  results  are 

*  See  paper  on  the  **  Determination  of  Chlorine  in  Water,"  by  AUen  Hazsn,  Am.  Cbem. 
Journal,  Vol.  XI.,  p.  409. 
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somewhat  irregular,  so  that,  if  less  than  1  cubic  centimeter  of  silver 
solution  is  required  per  50  cubic  centimeters  of  water,  it  is  best  to 
run  in  1  jeubic  centimeter  of  salt  solution,  and  deduct  the  equivalent 
of  silver  solution  from  the  result.  Or,  a  considerable  quantity  of  the 
water  may  be  concentrated  to  a  small  bulk  before  titration.  In  this 
evaporation,  loss  of  hydrochloric  acid  can  be  avoided  by  the  addi- 
tion of  a  little  sodium  carbonate.  Commonly,' 0.0200  gram  or  less- 
is  sufficient,  and  this  quantity  does  not  interfere  with  the  titration. 
If  too  much  has  been  used,  calcium  nitrate  may  be  added  before 
titration.  Chlorine  is  also  frequently  determined  by  using  the  solid 
residue  of  evaporation  after  ignition.  As  already  described  under 
the  determination  of  solids  and  loss  on  ignition,  the  fixed  solid  resi- 
due is  obtained  by  evaporation  of  the  water,  sewage  or  effluent, 
with  the  addition  of  sodium  carbonate,  and  ignition  in  a  radiator. 
Under  these  conditions  there  is  no  loss  of  chlorine,  and  the  residue 
in  the  platinum  dish  treated  wilh  hot  water  and  transferred  to  a 
porcelain  dish  gives  results  which  agree  perfectly  with  those  obtained 
from  the  waters  directly,  or  after  evaporation  to  small  bulk. 

It  has  sometimes  been  necessary  to  determine  chlorine  in  waters 
too  alkaline  for  titration  in  the  ordinary  way.  If  phenolphthalein  is 
added,  and  the  pink  just  discharged  with  sulphuric  acid,  the  liquid 
will  then  contain  alkali  only  as  bicarbonate,  which  does  not  interfere 
with  the  titration. 

Acid  water  must  be  made  neutral  by  sodium  carbonate  before 
titration. 

Determination  op  the  Oxygen  Consumed. 

During  the  time  covered  by  this  report  there  have  been  made  a 
large  number  of  determinations  of  the  oxygen  consumed  on  treating 
the  sewage  and  effluents  with  a  solution  of  potassium  permanganate. 
The  results  obtained  were  in  general  accordance  with  the  determi- 
nations of  the  nitrogen  compounds  and  the  loss  on  ignition  ;  that  is 
to  say,  an  effluent  showing  a  good  purification,  as  indicated  by  low 
free  and  albuminoid  ammonia,  low  nitrites  and  loss  on  ignition  and 
high  nitrates,  would  give  a  low  absorption  of  oxygen  from  perman- 
ganate. 

The  oxygen  given  up  by  the  permanganate  combines  with  the 
carbon  of  the  organic  matter,  perhaps,  also  to  some  extent  with  the 
hydrogen,  but  not  with  the  nitrogen.  Its  amount  bears  some  rela- 
tion, therefore,  to  the  amount  of  the  organic  carbon  present  in  the 
water. 
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There  is  a  great  difference  in  organic  compounds  as  to  their  sus- 
ceptibility to  oxidation  under  these  conditions,  and  caution  must  be 
exercised  in  drawing  conclusions  as  to  the  quality  and  amount  of 
organic  matter  in  a  water  from  the  amount  of  the  oxygen  absorption. 
Thus,  the  brown  coloring  matter  of  swampy  waters,  which  has  very 
little  tendency  to  undergo  decomposition  under  natural  conditions, 
reduces  permanganate  largely  even  in  the  cold ;  while,  on  the  other 
hand,  some  highly  nitrogenous  compounds,  which  decompose  readily 
in  solution,  are  almost  without  effect  on  permanganate  under  similar 
conditions.  The  process  has  its  greatest  value  when  used  to  com- 
pare waters  or  effluents  of  the  same  general  character  and  having  the 
same  origin. 

There  are  many  modifications  of  the  process  in  general  use,  the 
most  prominent  being  the  Tidy  process,  in  which  the  permanganate 
is  used  cold,  and  the  Kubel,  in  which  it  is  used  at  a  boiling  tempera- 
ture. That  the  results  should  have  comparative  value,  it  is  abso- 
lutely necessary  that  the  process  should  always  be  carried  out  in  the 
same  way,  even  to  the  minutest  detail  of  quantity,  time  and  temper- 
ature. This  is  of  far  more  importance  than  the  selection  of  any 
one  of  the  many  proposed  modifications.  The  present  practice  at 
the  station  is  to  add  the  permanganate  to  the  boiling  water,  with 
sulphuric  acid,  and  continue  the  boiling  for  precisely  two  minutes, 
and  then  add  oxalic  acid,  and  finish  the  titration  with  perman- 
ganate 

Determination  of  the  Dissolved  Oxygen. 

The  process  of  L.  "VV.  Winkler  *  has  been  used  with  most  satis- 
factory results.     As  we  have  used  it,  the  process  is  as  follows :  — 

When  water  is  taken  from  a  faucet,  a  glass-stoppered  bottle  of 
known  capacity,  holding  from  50  to  250  cubic  centimeters,  is  filled 
by  means  of  a  tube  which  passes  to  the  bottom  of  the  bottle.  A 
considerable  amount  of  water  is  allowed  to  pass  through  the  bottle 
and  overflow  at  the  top.  In  taking  samples  from  streams  or  ponds, 
a  stopper  with  two  holes  is  used.  A  tube  passing  through  one  of 
these  holes  is  sunk  in  the  water  to  the  desired  depth,  and  the  other 
is  connected  with  a  larger  bottle  of  at  least  four  times  the  capacity 
of  the  smaller  one,  and  fitted  in  the  same  way.  From  the  larger 
bottle  the  air  is  exhausted  by  the  lungs  or  by  an  air  pump  until  it  is 
nearly  filled  with  water.     Unless  the  determination  is  to  be  made 


♦  liericbto,  Vol.  21,  p.  2343. 
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at  once,  the  rubber  stopper  is  quickly  replaced  by  the  glass  stopper 
ia  the  smaller  bottle,  so  that  no  air  is  left  in  the  bottle. 

in  making  the  determinations,  a  small  amount  of  a  saturated 
solution  of  manganous  sulphate  is  added  with  a  pipette  having  a 
long  capillary  point  reaching  below  the  surface  of  the  water,  and  in 
the  same  way  a  concenh'ated  solution  of  potassium  iodide  and 
hydrate.  The  glass  stopper  is  now  inserted,  leaving  no  bubble  of 
air,  and  the  contents  well  mixed.  Sulphuric  acid  is  then  added, 
preferably  after  most  of  the  precipitate  has  settled  to  the  bottom  of 
the  bottle.  The  contents  of  the  bottle  are  no^  poured  into  a  flask 
or  other  convenient  vessel,  and  the  liberated  iodine  (in  amount 
proportional  to  the  amount  of  dissolved  oxygen  in  the  water)  is 
titrated  with  thiosulphate. 

In  calculating  the  amount  of  oxygen,  allowance  must  be  made 
for  the  volume  of  the  reagents  used,  which  should  not  be  more  than 
1  per  cent,  of  the  total  volume.  If  the  precipitate  had  settled,  no 
allowance  should  be  made  for  the  acid  used,  for  the  water  it  displaces 
contains  no  oxygen  or  iodine. 

Some  determinations  of  dissolved  oxygen  in  water,  saturated  by 
drawing  a  continuous  stream  of  air  through  it  until  a  constant  result 
was  obtained,  agree  well  with  those  of  Roscoe  and  Lunt.* 

If  water  is  collected  in  the  ordinary  way  and  transferred  to  the 
apparatus  by  pouring,  there  will  inevitably  be  an  absorption  of 
oxygen,  unless  the  water  is  already  saturated.  Thus  a  process 
which  gives  excellent  results  when  the  water  is  nearly  or  quite 
saturated  may  fail  entirely  to  give  accurate  results  when  the  dis- 
solved oxygen  is  low  or  absent. f 

Winkler's  mode  of  collecting  samples  by  a  tube  passing  to  the 
bottom  of  the  bottle  in  which  the  determination  is  to  be  made,  and 
allowing  several  times  as  much  water  as  the  bottle  holds  to  overflow 
at  the  top,  is  the  most  satisfactory.  If  this  or  some  similar  pre- 
caution is  not  taken,  the  results  will  certainly  be  too  high,  except 
in  cases  where  the  water  is  saturated  with  oxygen. 

We  have  found  it  advantageous  to  make  dissolved  oxygen 
determinations  on  the  spot.  The  very  simple  apparatus  required 
for  the  Winkler  process  can  be  packed  in  small  space,  and  the 
entire  determination  requires  only  a  few  minutes.     The  absorption 

•  Jonrnal  Chem.  Soc.,  1889,  p.  552. 

t  Sec  paper  •»  On  the  Determination  of  Carbonic  Add  in  Waters,"  by  Allen  Hazen,  Tech. 
Quarterly,  Vol.  Hi.,  No.  2. 
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of  the  oxygen  by  the  manganous  hydrate  is  complete  ahnost  at 
once,  and  it  is  unnecessary  to  allow  it  to  settle  for  a  long  time 
before  adding  acid.  The  titration  can  be  made  with  a  small  burette 
or  pipette,  with  accurate  results. 

Determination  of  the  Alkalinity. 

The  determination  of  the  alkalinity  of  the  sewage  and  effluents  is 
made  by  titration  with  twentieth  normal  sulphuric  acid  in  a  porcelain 
dish,  using  methyl  orange  as  an  indicator ;  a  second  dish  containiDg 
some  of  the  indicator  is  placed  alongside  for  comparison. 

The  result  is  expressed  as  the  number  of  cubic  centimeters  of 
normal  acid  required  to  neutralize  the  alkali  in  100  cubic  centimeters 
of  water.  This  is  a  most  convenient  notation,  for,  when  multiplied 
by  the  equivalent  weight  *  of  any  substance,  it  gives  directly  the 
parts  per  100,000  of  that  substance  equivalent  to  the  number.  Thos 
alkalinity  of  .090  is  produced  by  .090x50=4.5  parts  calcium 
carbonate,  50  being  the  equivalent  weight  of  that  substance. 

If  the  water  is  acid,  the  same  notation  is  used,  but  with  a  negative 
sign.  In  this  case  it  is,  of  course,  the  amount  of  normal  alkali 
required  to  neutralize  100  cubic  centimeters  of  water. 

Experiments  Designed  to  Explain  the  Loss  of  Nftrogen  is 
THE  Filtration  of  Sew^age. 

In  the  early  part  of  this  volume  (see  pages  43  and  257)  attention 
was  drawn  to  the  fact  that  all  of  the  nitrogen  of  the  sewage  was  net 
accounted  for  by  the  nitrogen  compounds  in  the  effluent  and  those 
remaining  in  the  sand. 

In  making  calculations  of  this  character,  it  is  obvious  that  the 
analytical  data  may  be  more  or  less  at  fault.  Inaccuracies  may 
arise  first  from  errors  of  sampling,  and  second  from  errors  of  analysi-. 
Errors  of  measurement  of  sewage  and  effluent  could  never  have  been 
sufficiently  great  to  deserve  consideration. 

First.  Errors  of  Sampling.  — There  is  some  difficulty  in  filling 
a  bottle  from  a  tank  of  sewage  so  that  it  shall  truly  represent 
the  contents  of  the  tank.  Some  of  the  suspended  matter  settles 
rapidly,  and  only  by  very  great  care  in  stirring  can  an  average  sample 
be  obtained.  This  source  of  error  is  doubtless  much  reduced  where 
the  average  of  hundreds  of  samples  is  taken.     Four  or  five  samples 

*  Satton  Volumetric  Analysis,  5  ed.,  p.  22. 
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of  sewage  have  been  taken  eacli  week,  and  there  seems  to  be  no  good 
reason  to  doubt  that  the  analy^sis  of  these  five  hundred  or  more 
samples  represent  fairly  the  average  composition  of  the  sewage  dur- 
ing the  twenty-three  months  covered  by  this  report. 

There  is  also  diflSculty  in  taking  a  sample  of  an  effluent  which  shall 
fairly  represent  its  average  composition  between  samples.  There 
may  be  considerable  variation  in  the  composition  of  effluents  at 
diflerent  parts  of  the  flow.  These  changes  have  been  studied  on 
numerous  series  of  samples  at  diflerent  times  on  the  same  day.  It 
is  noticed  that  the  total  nitrogen  in  these  samples  is  much  less  sub- 
jected to  change  than  the  individual  ingredients,  such  as  ammonia  or 
nitrates;  for,  in  general,  as  the  ammonias  increase  the  nitrates 
decrease.  Only  when  nitrification  is  very  incomplete  is  there  much 
variation  in  the  total  nitrogen  at  difiierent  periods  of  the  flow.  Then 
the  decrease  in  nitrates  is  greater  than  the  increase  in  ammonia. 
When  nitrification  is  almost  complete,  as  it  has  been  for  the  greater 
part  of  the  time,  the  ammonia  when  it  is  highest  is  quite  insignificant 
on  a  balance  sheet,  and  there  is  no  appreciable  hourly  variation  in 
the  nitrates. 

In  the  examination  of  the  sand  there  is  difficulty  in  getting  average 
samples,  especially  of  the  upper  layers,  which  contain  most  of  the 
organic  nitrogen.  Here,  as  elsewhere,  we  depend  not  upon  a  few 
analyses,  but  upon  the  average  of  a  large  number  of  samples  and  the 
analyses  of  mixed  samples  taken  from  a  considerable  area. 

Second,  Errors  of  Analysis. — The  total  nitrogen  is  calculated 
from  four  determinations,  —  free  and  albuminoid  ammonia,  nitrates 
and  nitrites.  The  determination  of  free  ammonia  is  quite  accumte, 
the  usual  error  is  small  (not  more  than  5  per  cent.),  and  about 
evenly  divided  above  and  below  the  truth. 

Nitrites  are  never  present  in  considerable  quantities,  and  the 
determination  is  reasonably  exact.  The  nitmte  determinations  are 
a  little  low,  owing  to  the  presence  of  chlorine.  The  error  from  this 
cause  is  about  10  per  cent.  By  far  the  largest  single  source  of  error 
is  the  determination  of  organic  nitrogen.  To  make  the  balance  sheet, 
it  is  assumed  that  one-half  of  the  organic  nitrogen  is  obtained  as 
albuminoid  ammonia.  This  factor,  as  previously  stated,  is  based 
upon  many  comparative  determinations  of  albuminoid  ammonia  and 
organic  nitrogen  in  the  same  samples  of  water  and  sewage. 

It  does  not  seem  probable  that  the  loss  of  nitrogen  can  be 
accounted  for  by  any  of  these  sources  of  error.     The  error  from 
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sampling  cannot  be,  on  the  whole,  very  large.  The  error  in  the 
nitrate  determinations  reduces  the  apparent  loss  by  10  per  cent. 
If  the  albuminoid  ammonia  should  contain  two-thirds  or  even  all  of 
the  organic  nitrogen,  there  would  yet  remain  a  considerable  loss. 
In  the  hope  of  obtaining  some  clue  to  the  cause  of  this  loss  of  nitro- 
gen in  the  filters,  the  following  experiments  on  the  nitrification  of 
substances  of  known  composition  were  tried ;  namely,  ammoniutu 
chloride,  peptone,  and  egg  albumen. 

The  ammonium  chloride  was  used  on  Tank  13,  which  was  filled 
with  coarse  sand,  and  had  been  for  some  time  in  use  as  a  sewage 
filter.  It  was  in  good  nitrifying  condition,  but  did  not  contain  a 
large  amount  of  stored  nitrogen.  The  ammonium  salt,  .together 
with  a  suitable  amount  of  alkali,  was  dissolved  in  city  water.  The 
experiment,  the  details  of  which  are  given  on  pages  11)8  to  212,  was 
continued  for  several  months,  with  the  result  that  the  eflluent  con- 
tained in  the  form  of  nitrates  practically  all  the  nitrogen  applied  in 
the  form  of  ammonia.  The  determination  of  the  nitrates  by  the 
phenolsulphonic  test,  which  gives  results  10  per  cent,  too  low, 
indicated  about  90  per  cent,  of  the  applied  nitrogen.  In  this  ca<e 
errors  of  sampling  and  measuring  were  eliminated,  since  both  the 
amount  and  composition  of  the  charge  applied  were  known  with 
great  accuracy,  and  the  small  amount  of  organic  nitrogen  in  the  city 
water  was  quite  insignificant.  That  no  loss  occurs  in  the  nitrification 
of  ammonium  salts  under  these  conditions  seems  therefore  to  he 
proved. 

The  experiment  with  the  peptone  was  designed  to  ascertain  if  loss 
of  nitrogen  might  not  take  place  during  the  first  stage  of  oxidation 
of  organic  matter ;  namely,  when  ammonia  is  formed  as  the  result  of 
the  oxidation  of  the  carbon.  Tank  1 1  was  used  for  this  experiment, 
which  was  filled  with  finer  sand  than  No.  13.  The  nitrogen  in  the 
peptone  was  carefully  determined  by  the  Kjeldahl  process.  It  was 
applied  each  day  in  city  water,  the  solution  l)eing  made  immediately 
before  application.  The  analyses  of  the  effluent  will  be  found  on 
pages  519-522.  In  this  case,  as  in  that  of  the  ammonia,  about  90 
per  cent,  of  the  nitrogen,  as  determined  by  the  phenolsulphonic 
test,  was  for  three  months  found  in  the  effluent. 

It  does  not  follow,  from  this  experiment  with  a  simple  soluble 
substance  like  peptone,  containing  its  nitrogen  mostly  in  the  amido 
form,  that  other  and  more  complex  organic  substances  would 
behave  in  the  same  way.     Still,  it  is  interesting  to  know  that  loss  of 

Digitized  by  VjOOQ IC 


CHEMICAL  WORK  AT  THE  STATION.  727 

nitrogen  is  not  a  necessary  consequeDce  of  the  nitrification  of  all 
organic  nitrogenous  matter. 

The  experiment  with  egg  albumen,  which  was  baked  and  pulver- 
ized, and  added  to  the  tank  in  solid  form  in  suspension  in  city- 
water,  was  not  conclusive.  Several  accidents  happened  to  the  filter 
in  the  course  of  the  experiment,  which  vitiated  the  results ;  but 
there  were  indications  that  there  was  not  at  least  any  considerable 
loss  of  nitrogen. 

Further  experiment  is  necessary  to  learn  the  conditions  which 
cause  a  loss  6f  nitrogen  in  the  sands  treated  with  sewage. 

Some  Experiments  in  Nitrification. 
A  number  of  experiments  have  been  made  from  time  to  time,  to 
determine  the   influence   of  various   substances   in   the   process  of 
nitrification.     An  account  of  some  of  these  experiments  is  found  in 
the  following  pages. 

The  Capacity  of  Sand  to  Nitrify  Ammonia. 

For  nearly  a  year  Tank  No.  13  had  been  filtering  sewage  at  the 
rate  of  60,000  gallons  per  acre  daily.  Commencing  Jan.  14,  1889, 
at  which  time  it  was  giving  a  perfectly  nitrified  effluent,  a  solution 
of  ammonium  chloride  in  city  water  containing  1  part  ammonia  per 
100,000  was  substituted  for  the  sewage.  With  this  solution  there 
was  mixed  just  enough  sodium  carbonate  to  combine  with  the 
chlorine  of  the  ammonium  chloride,  and  also  with  the  nitric  acid 
equivalent  to  the  ammonia  (NH4  CI  +  Na^  COg  +  40  =  NaCl  + 
NaNOg  +  2  HjO +  CO2).  From  the  first,  nitrification  was  com- 
plete, the  effluent  being  almost  free  from  ammonia,  and  containing 
nearly  all  of  the  nitrogen  applied  as  nitrates. 

On  January  28  the  strength  of  the  solution  applied  was  increased 
to  two  parts  ammonia,  and  subsequently  it  was  increased  from  time 
to  time,  until  on  April  22  it  contained  34  parts  ammonia.  The 
details  of  the  experiment,  together  with  the  chemical  analyses  (and 
bacterial  examinations),  are  tabulated  on  pages  198  to  212. 

It  was  always  found  that,  after  increasing  the  dose,  complete  nitri- 
fication was  not  at  once  obtained,  but  the  effluent  contained 
ammonia  and  nitrites  for  a  time.  The  ammonia  first  disappears 
from  the  effluent,  and  the  nitrites  soon  follow,  with  increased  devel- 
opment of  nitrates.  On  July  10,  the  dose,  which  had  been  applied 
in  three  gallons  of  water,  was  applied  in  one  and  a  half  gallons,  so 
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that  it  contained  68  parts  ammonia.  While  applying  this  strong 
solution  containing  many  times  as  much  ammonia  as  is  found  in  the 
strongest  sewage,  a  nearly  complete  nitrification  was  obtained. 

Effect  of  an  Excess  and  Deficiency  of  Alkali  on  NriRin- 

CATION. 

An  excess  of  sodium  carbonate  was  added  with  the  dose  of  No. 
13,  from  July  2  to  Aug.  5,  1881).  The  proportion  added  was  4  of 
ammonium  chloride  to  5  of  sodium  carbonate.  This  amount  of 
alkali  did  not  in  the  least  interfere  with  the  nitrification.  The  excess 
of  sodium  carbonate  passed  through  without  change,  and  increased 
the  alkalinity  of  the  effluent. 

Commencing  October  8,  an  insuflScient  quantity  of  sodium  car- 
bonate was  added  with  the  ammonium  chloride.  The  proportion 
added  was  4  of  ammonium  chloride  to  3  of  sodium  carbonate.  The 
first  result  of  this  reduction  was  to  cause  an  almost  total  stoppage  of 
nitrification.  After  a  little  time,  however,  nitrification  began  again, 
but  did  not  become  complete,  as,  indeed,  it  could  not  without  the 
presence  of  free  nitric  acid  in  the  effluent.  This  was  not  the  case, 
for  the  effluent  w-as  always  alkaline. 

An  unexpected  result  of  this  treatment  was  the  production  of  an 
enormous  quantity  of  nitrites.  At  times  more  than  one-half  of  the 
total  nitrogen  was  in  this  form.  It  is  not  easy  to  see  how  lack  of 
base  could  produce  this  result,  for  nitrogen  as  nitrous  acid  requires 
as  much  alkali  for  its  neutralization  as  nitrogen  as  nitric  acid. 

Effect  of  Acid  upon  Nitrification. 

Tank  15-4  is  a  small  tank  filled  with  very  coarse  gravel.  In  Octo- 
ber, 1889,  it  was  in  good  nitrifying  condition,  receiving  sewage  at 
the  rate  of  20,000  gallons  per  acre  per  day.  Commencing  October 
22,  sulphuric  acid  equal  to  an  alkalinity  of  0.46  was  added  to  the 
sewage.  As  sewage  has  an  alkalinity  of  ab  )ut  0.30,  there  was  an 
excess  of  0. 16  of  acid.  The  total  amount  of  acid  used  was  22.5  parts 
per  100,000,  or  1870  pounds  per  million  gallons.  The  result  of 
making  the  sewage  acid  was  a  great  increase  of  free  ammonia,  and  a 
decrease  of  nitrates  in  the  eflfluent.  The  nitrates  and  nitrites  have 
not,  however,  completely  disappeared  even  after  several  months, 
although  the  entire  mass  of  the  gravel  of  the  tank  must  be  acid. 
(See  table,  page  557.) 
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The  actual  degree  of  acidity  of  the  effluent  agrees  closely  with  the 
amount  calulated  from  the  quantity  of  acid  added  to  the  sewage. 

The  amount  of  nitrates  is  about  one-tenth  as  much  as  would  prob- 
ably be  formed  if  no  acid  was  added  to  the  sewage.  Nitrites  are 
also  present  in  the  effluent.  While  there  is  here  very  incomplete 
nitrification,  the  organic  matter  is  reduced  in  amount,  so  that  there  is 
not  very  much  more  in  the  effluent  than  there  was  before  the  addi- 
tion of  acid. 

Effect  of  Common  Salt  upon  Nitrification. 

Tank  No.  11  is  a  small  tank  filled  with  sand  like  that  in  Tank 
No.  6.  It  had  been  used  for  sewage  filtration,  and  for  the  experi- 
ments with  peptone.  Commencing  July  2,  a  solution  of  ammonium 
chloride  with  a  suitable  amount  of  sodium  carbonate  in  city  water 
was  added.  After  a  month  the  tank  was  in  good  order,  and  the 
effluent  contained  about  as  much  nitrogen  as  the  charge. 

On  August  8,  common  salt  was  added  to  the  charge  in  such  quan- 
tity that  it  contained  some  1,200  parts  of  chlorine  per  100,000.  It 
was  thus  about  two-thirds  as  salt  as  sea  water.  Nitrification  was 
checked,  and  the  solution  came  through  almost  unchanged. 

On  August  27,  the  addition  of  salt  was  suspended.  During  the 
time  that  the  salt  water  was  being  washed  out  of  the  tank,  large 
amounts  of  nitrites  were  formed. 

On  September  9,  nitrification  was  again  complete.  Salt  was  then 
again  added  to  the  charge,  but  in  much  smaller  quantity  than  before. 
The  amount  added  remiiined  constant  until  September  25,  when  a 
little  more  was  added,  and  on  each  succeeding  day  the  amount 
was  slightly  increased,  until  in  January,  1890,  the  solution  was 
nearly  saturated.  The  amount  of  salt  used  at  any  time  can  be  seen 
from  the  chlorine  of  the  effluent.  (See  tables,  page  524.)  Sea 
water  contains  about  1,800  parts  chlorine. 

The  dose  of  salt  at  first  added  did  not  very  seriously  interfere  with 
nitrification  ;  and  it  is  quite  possible  that,  if  the  strength  of  the  dose 
had  been  increased  more  slowly,  a  better  result  would  have  been 
obtained,  with  larger  amounts  of  salt.  This  is  indicated  by  the  fact 
that,  with  a  gradually  increasing  dose,  nitrification  continued  with 
more  salt  than  was  sufficient  to  stop  it  when  applied  at  once, 
August  8. 

It  has  been  noticed  that,  with  incomplete  nitrification  in  presence 
of  salt,  large  amounts  of  nitrites  are  produced. 
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Effect  of  Sugar  upon  Nitrification. 

Tank  No.  12  is  a  small  tank  of  coarse  sand  the  same  as  that  used 
in  Tank  No.  1,  and  had  been  used  for  the  filtration  of  sewage,  egg- 
albumen  and  city  water.  Commencing  Oct.  23,  1889,  there  was 
applied  to  it  a  solution  of  granulated  sugar  in  city  water  containing 
100  parts  per  100,000.  The  effect  of  this  wa^  to  stop  nitrification. 
From  the  first  the  greater  part  of  the  sugar  came  through  apparently 
unchanged,  and  after  six  weeks  the  effluent  contained  three-fourth^j 
of  the  applied  sugar. 

On  December  9,  three  gallons  of  sewage  were  applied  daily 
without  any  sugar.  Nitrification  was  resumed  at  once,  and  became 
nearly  complete ;  i.e.,  the  effluent  contained  very  little  ammonia  and 
0.8  part  nitrogen  as  nitrate.     (See  table,  page  179.) 

Commencing  January  1,  10  parts  of  granulated  sugar  were 
dissolved  in  the  sewage,  and  on  the  13th  the  amount  was  increased 
to  20  parts.  The  effect  of  this  was  to  reduce  slowly  the  amount  of 
nitrates  in  the  effluent  to  .08  parts  on  January  31,  without  any 
increase  of  ammonias.  The  effluent  then  contained  a  very  small 
percentage  of  the  nitrogen  of  the  applied  sewage.  From  this  time 
the  nitrates  rapidly  increased  to  1.1  parts  on  February  28.  The 
effluent  contained  no  sugar,  or  at  least  less  than  1  per  cent,  of  the 
amount  applied,  while  in  .November  and  December  from  one-half  to 
three-fourths  of  all  applied  came  through.  It  will  be  noticed  that 
in  the  first  case  the  sugar  was  added  in  solution  in  the  city  water 
supply,  in  the  latter  it  was  dissolved  in  sewage. 

This  experiment  is  not  yet  carried  far  enough  to  determine  whether 
the  presence  of  sugar  or  similar  organic  matter  has  the  tendency  to 
cause  the  loss  of  nitrogen. 

Effect  of  the  Amount  of  Free  Oxygen  upon  Nitrificatiox. 
All  the  experiments  thus  far  described  have  been  made  with 
filters  of  such  open  material  that  there  is  an  abundance  of  oxygen 
in  every  pait.  We  had  found  that  with  continuous  filtration  there 
is  no  nitrification,  and  there  is  reason  to  believe  that  this  is  due  to 
the  lack  of  oxygen.  Still,  the  movement  of  the  liquid  through  the 
sand  is  different  in  continuous  and  intermittent  filtration,  and  it  was 
thought  desirable  to  make  an  experiment  in  which  the  conditions  of 
descent  of  sewage  should  be  exactly  like  those  of  intermittent 
filtration,  but  from  which  all  oxygen  should  be  excluded.    It  ^ras 
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also  desired  to  find  what  was  the  miDimum  amount  of  oxygen 
which  would  support  nitrification.  For  these  experiments  Tank 
No.  14  was  used,  a  small  tank  filled  with  sand  like  that  of  Tank  1, 
which  had  been  used  lor  sewage  filtration  in  the  ordinary  way  for 
about  a  year. 

The  bottom  of  the  tank  was  trapped,  and  a  cover  put  on  the  top. 
The  cover  was  attached  to  the  tank  by  a  mercury  seal,  which  mado 
it  air  tight,  and  a  pressure  gauge  was  connected  with  a  small  faucet. 
Sewage  was  put  in  through  a  large  funnel  with  a  stop  cock,  so  that  no 
air  was  admitted.     A  perforated  plate  distributed  it  over  the  surface. 

The  effluent  was  free  to  pass  the  trap  at  the  bottom,  but  no  air 
could  get  back  into  the  tank  with  any  ordinary  pressure.  The 
cover  was  in  place  February  21,  but  it  was  a  week  before  all  the 
small  leaks  were  stopped.  During  this  time  9  gallons  of  sewage 
were  applied  daih',  and  there  must  have  been  a  good  supply  of  air 
from  the  leaks.  When  the  sewage  was  put  on  there  was  heavy 
pressure,  driving  air  out,  and  later,  as  it  drained  from  the  bottom, 
there  was  a  suction,  bringing  in  fresh  air,  and  nitrification  was 
nearly  complete.     (See  table  of  analyses,  pages  224  to  236.) 

On  March  1  the  tank  was  shown  by  the  pressure  gauge  to  be 
perfectly  tight,  and  no  new  supply  of  air  could  get  into  it.  In  a 
week  nitrification  had  stopped,  and  theeflluent  was  little  better  than 
sewage;  and  this  condition  continued  until  March  16,  when  the 
cock  for  admitting  sewage  was  left  open,  thus  ventilating  the  top  of 
the  tank.  This  proved  inadequate.  The  condition  of  the  efliuent 
did  not  improve,  and  on  March  27  the  cover  was  taken  oft'.  Even 
this  did  not  afibrd  suflicient  air,  for  the  tank  was  clogged  by  the 
organic  matter  which  had  not  been  oxidized  during  the  time  that  the 
air  was  excluded,  and  two  days  after  removing  the  cover  the  air 
from  the  middle  of  the  tank  contained  less  than  1  per  cent,  of 
oxygen.  On  April  1  the  effluent  was  no  better,  and  on  April  2  half 
an  inch  of  the  accumulated  slime  was  removed  from  the  surface ; 
and,  in  order  to  get  the  tank  in  good  working  order  as  soon  as 
possible,  an  aspirator  was  attached  to  one  of  the  side  faucets  near 
the  bottom.  This  drew  a  gallon  of  air  every  four  minutes,  thus 
supplying  ample  oxygen  to  every  part  of  the  tank.  With  this 
treatment  the  effluent  rapidly  improved,  and  in  two  weeks  nitrifica- 
tion was  again  nearly  complete.  During  this  time  the  air  of  the 
tank,  as  shown  by  two  analyses,  contained  almost  as  much  oxygen 
as  outside  air  (20.7  and  19.7,  instead  of  20.9  per  cent). 
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On  April  17  the  cover  was  again  put  on  and  the  aspirator  stopi^ed. 
The  oxygen  of  the  air  of  the  tank  was  rapidly  used  up,  analysb 
showing  on  the  following  days  19.7,  14.3  and  7.4  per  cent,  oxygen, 
and  on  April  25  there  was  only  0.6  per  cent.  As  soon  as  the 
oxygen  was  exhausted  nitrification  stopped.  The  sample  collected 
on  the  22d  had  been  one  or  two  days  in  the  tank,  and  so  had  l)een 
in  the  sand  while  some  oxygen  still  remained.  But  before  the  next 
san)i)le  was  collected,  on  April  25,  nitrification  had  practically 
ceased.  The  small  amount  of  nitrate  found  was  probably  formed 
previously,  and  was  now  washed  from  the  tank,  for  differeDt 
charges  of  sewage  mix  with  each  other  to  a  very  considerable 
extent. 

On  April  27  the  cock  at  the  top  was  opened,  and  the  aspirator 
attached  to  the  faucet  near  the  bottom  as  before,  thus  introducing 
a  free  supply  of  fresh  air.  The  amount  of  sewage  applied  was 
reduced  to  3  gallons.  Nine  gallons  had  proved  too  large  a  quantity 
for  these  experiments,  for  the  changes  were  too  rapid  to  be  followid 
easily  and  accurately.  The  effluent  of  April  29  had  been  collected 
before  the  fresh  air  was  brought  in,  and  so  represents  the  previous 
condition,  although  collected  after  the  aspirator  was  started.  As 
before,  the  tank  very  quickly  recovered  itself  with  fresh  air,  and 
nitrification  became  very  high  fed  by  the  material  stored  when  the 
supply  of  oxygen  was  cut  oflT.  On  May  G  the  aspirator  was 
removed,  and  the  tank  again  made  air  tight.  Nitrification  continued 
imtil  all  the  oxygen  was  exhausted,  and  indeed  for  a  short  time  after 
that.  This  suggested  that  the  oxygen  in  different  parts  of  the  tank 
might  not  be  used  up  at  the  same  time.  Thus,  the  oxygen  at  the 
top  of  the  tank  might  be  first  exhausted,  and  later  that  toward  the 
bottom..  The  gas  samples  were  taken  from  the  middle  of  the  tank, 
and  it  is  possible  that,  after  the  oxygen  had  disappeared  from  this 
point,  there  might  yet  be  a  day's  supply  near  the  bottom  of  the 
tank. 

To  overcome  this  difliculty,  the  aspirator  was  so  aiTanged  that  air 
was  drawn  from  the  bottom  of  the  tank  and  the'n  the  same  air 
returned  to  the  top.  In  this  way  all  the  air  in  the  tank  was  kept 
thoroughly  mixed,  while  no  new  air  was  (theoretically  at  least) 
admitted.  This  arrangement  was  completed  on  May  20.  It  will  be 
seen  that,  if  there  is  any  leakage  in  the  aspirator  and  its  connec- 
tions, the  air  of  the  tank  will  not  be  returned,  but  instead  fresh  air 
introduced,  and  that  the  entire  air  of  the  tank  will  be  changed  in  a 
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few  hours.  It  will  then  require  a  week  or  more  to  use  up  the  air. 
This  was  what  happened  several  times  from  May  20  to  June  5,  when 
the  connections  were  so'  securely  fastened  that  for  months  not  a 
leak  occuiTed.  The  oxygen  was  then  reduced  to  1.7  per  cent.,  and 
two  days  later  to  .8  percent.  It  was  not  our  desire  to  stop  nitrifica- 
tion, but  to  see  how  little  oxygen  was  capable  of  supporting  it. 
Fresh  air  was  introduced  each  day,  commencing  June  15,  by 
breaking  the  connection  of  the  aspirator  with  the  bottom  of  the 
tank  for  fifteen  minutes.  During  that  time  new  air  was  forced  into 
the  tank,  while  its  volume  of  old  air  came  out  at  the  bottom.  On 
June  20  the  air  coming  from  the  bottom  of  the  tank  had  6.5  per 
cent,  oxygen.  This  was  thought  to  be  a  larger  amount  than  was 
necessary  for  nitrification,  and  so  air  was  admitted  only  five  minutes 
daily.  This  arrangement  was  continued  until  August  15.  During 
this  time  nitrification  was  nearly  complete.  No  air  analysis  was 
made  until  August  1,  when  the  air  coming  from  the  tank  had  1.9 
per  cent,  oxygen.  On  the  8th  there  was  3.5  per  cent.,  and  on  the 
14th  4.1  per  cent.  After  that  air  was  admitted  only  three  minutes 
daily,  until  October  7.  Purification  continued  to  be  satisfactory. 
Three  air  analyses  gave,  September  4, 1  per  cent,  oxygen  ;  September 
5,  3.3  per  cent. ;  October  7,  1.5  per  cent. 

From  October  7  to  November  4,  air  was  admitted  only  one 
minute  daily.  A  single  air  analysis  on  October  10  gave  1.8  per 
cent,  oxygen.  Commencing  November  4,  no  air  was  admitted,  but 
the  aspirator  was  still  run  to  keep  the  air  mixed.  Nitrification 
continued  to  be  nearly  complete,  and  the  air  of  the  tank  contained 
oxygen.  On  November  15,  there  was  3.1  per  cent. ,  and  on  November 
27,  9.9  per  cent.  This  oxygen  must  have  come  from  the  city  water 
supply  running  through  the  aspirator.  When  gas  containing  little 
oxygen  (as  the  gas  in  the  tank)  is  brought  in  contact  with  water 
satuiTited  or  nearly  saturated  with  oxygen,  it  will  take  a  portion  of 
the  oxygen  from  the  water. 

In  the  summer  the  dissolved  oxygen  in  the  city  water  was  low, 
but  in  the  fall  it  .rapidly  increased,  until  during  the  last  weeks  of 
this  experiment  it  was*  fully  saturated.  The  air  of  the  tank  was 
brought  in  intimate  contact  with  city  water  eight  or  ten  times  a  day, 
and  obtained  from  it  enough  oxygen  to  completely  oxidize  the  three 
gallons  of  sewage.  This  makes  it  clear  why  the  amount  of  oxygen 
in  the  .air  of  the  tank  did  not  decrease  as  less  fresh  air  was  admitted. 
It  was  getting  more  oxygen  every  day  from  the  city  water  as  that 
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became  more  nearly  saturated.  On  December  7  the  aspirator  was 
taken  off,  and  soon  after  nitrification  was  checked  and  ultimately 
stopped. 

'    B^SUMi. 

By  intermittent  filtration,  a  solution  of  ammonia  with  its  equiva- 
lent of  sodium  carbonate  is  converted  into  sodium  nitrate  without 
appreciable  loss  of  nitrogen.  This  change  will  take  place  with 
solutions  containing  many  times  as  much  ammonia  as  sewage.  A 
slightly  increased  amount  of  soda  does  not  afifect  the  result,  bat 
with  an  insufficient  quantity  of  alkali  nitrification  is  incomplete,  and 
the  effluent  contains  ammonia  and  nitrites,  the  latter  often  in  large 
quantity.  When  sewage  is  made  slightly  acid,  nitrification  is  almost 
stopped;  still,  a  small  amount  of  both  nitrates  and  nitrites  are 
formed.  Oxidation  of  the  organic  matters  is  not  stopped  by  acid, 
although  it  may  be  checked  to  some  extent. 

Common  salt  interferes  with  nitrification  only  when  present  in 
large  quantity.  By  gradually  increasing  its  amount,  nitrification 
takes  place  in  presence  of  as  much  salt  as  would  prevent  nitrification 
if  it  were  applied  at  once  to  a  filter  which  had  not  previously  had 
salt. 

Sugar  interferes  with  nitrification,  but  it  is  not  yet  clear  whether 
there  is  a  loss  of  nitrogen  during  nitrification  in  presence  of  sugar. 

No  nitrification  (or  purification  of  sewage)  can  take  place  by 
filtration  if  the  air  in  the  pores  of  the  filter  contains  no  oxygen.  A 
small  amount  of  oxygen  (1  to  3  per  cent.)  in  the  air  of  the  filter  is 
as  efiective,  or  very  nearly  so,  as  a  larger  quantity,  provided  the 
air  is  changed  so  often  that  some  oxygen  is  always  present  at  even* 
point. 
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THE  CHEMICAL  PEECIPITATION  OF  SEWAGE. 


Sewage,  as  it  is  found  in  our  city  sewers,  contains  a  great  variety 
of  substances.  Among  its  principal  ingredients  are  urine  and 
faeces,  together  with  wasted  food  and  wash  water.  This  is  diluted 
with  a  large  amount  of  water,  and  in  rainy  weather,  there  is  in 
addition  a  large  amount  of  street  washings,  which  consist  of  sand 
from  pavements, '  and  organic  refuse  of  various  kinds.  With  the 
separate  system  of  sewerage,  the  street  washings  and  rain  water 
would  be  excluded,  so  that  all  the  sewage  would  be  like  that  which 
is  now  found  in  dry  weather. 

Of  this  mixed  sewage,  a  portion,  the  inorganic  matter,  consisting 
of  sand  and  various  salts,  is,  from  a  sanitary  point  of  view,  quite 
harmless.  Another  portion,  the  organic  matter,  furnishes  abundant 
food  for  bacteria,  always  present  in  great  numbers.  To  remove 
this  organic  portion  is  the  great  problem  in  purification. 

If  sewage  is  allowed  to  stand  for  a  few  hours,  a  portion  of  the 
organic  matter  will  settle  out;  but  the  greater  part  is  either  too 
finely  divided  to  separate  in  a  moderate  length  of  time,  or  is  in 
solution.  By  adding  certain  chemicals  to  the  sewage,  an  inorganic 
precipitate  is  formed,  which  settles  rapidly,  and  carries  with  it  nearly 
all  of  the  suspended  matter,  and  also  a  portion  of  the  dissolved 
matter.  This  is  the  chemical  precipitation  of  sewage.  Nothing 
definite  is  known  of  the  chemistry  of  the  process  which  makes 
insoluble  a  portion  of  the  dissolved  organic  matter,  but  it  is  prob- 
ably similar  to  the  use  of  mordants  in  dyeing  for  fixing  soluble 
colors. 

Substances  Commonly  Used  for  Chemical  Precipitation. 

The  substances  best  adapted  and  most  commonly  used  for  chemi- 
cal precipitation  are  lime,  and  the  salts  of  aluminum  and  iron. 

Lime,  containing  70  per  cent,  available  calcium  oxide,  can  be 
bought  for  $9  a  ton.     Ferrous  sulphate  or  copperas,  containing 
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26  per  cent,  of  ferrous  oxide,  costs  $10  a  ton.     Alumioum  sulphate 
or  crude  alum,  containing  14  per  cent,  of  alumina,  costs  $25  a  ton. 
A  ferric  salt  can  be  made  by  oxidizing  copperas  with  chlorine,  or 
with  sulphuric  acid  and  nitrate  of  soda. 
The  approximate  cost  of  these  oxides  in  solution  is  as  follows :  — 

Aluminum  oxide, 9  cents  per  pound. 

Ferric  oxide, 3  cents  per  pound. 

Ferrous  oxide, 2  cents  per  pound. 

Calcium  oxide, }  of  a  cent  per  pound. 

Using  these  figures,  the  cost  of  chemicals  has  been  calculated  for 
the  difierent  experiments.  One  hundred  gallons  of  sewage  daily 
for  each  inhabitant  is  assumed  in  calculating  the  annual  cost. 

It  seems  altogether  probable,  considering  the  cheapness  of  the 
materials  from  which  they  are  prepared,  that  the  cost  of  both  crude 
alum  and  ferric  sulphate,  or  the  corresponding  chlorides,  might  be 
materially  decreased  from  the  prices  given,  in  case  there  should  be 
a  considerable  demand  for  them.  Lime  and  copperas  have  alreadv 
a  large  sale,  and  could  not  probably  be  obtained  at  lower  prices  hx 
an  increased  consumption. 

I  have  endeavored,  in  the  following-described  experiments,  to 
determine,  first,  the  best  method  of  using  each  chemical  substance, 
and  to  establish,  if  possible,  some  relation  between  the  composition 
of  the  sewage  and  the  amount  of  precipitant  which  will  give  the 
best  result,  or  as  good  a  result  as  a  larger  quantity ;  and,  second,  to 
compare  the  effect  of  equal  values  of  the  different  precipitants  upn 
the  same  sewage,  after  finding,  by  the  first  experiments,  how  to  use 
each  Avitli  the  greatest  advantage.  The  experiments  also  give  an 
idea  of  the  amount  of  matter  which  can  be  removed  by  chemical 
precipitation  under  favorable  circumstances.  The  observations  have 
been  confined  to  the  composition  of  the  sewage  and  of  the  effluent, 
neglecting  the  sludge  altogether. 

Experiments  Made  in  Large  Tank. 
Tlie  first  experiments  were  made  in  a  tank  45  feet  long,  30  ineht? 
wide,  and  10  to  12  inches  deep,  holding  about  700  gallons.  Asthf 
sewage  came  by  gravity  through  a  trough,  chemicals  in  solutioL 
were  allowed  to  run  in,  and  to  become  thoroughly  mixed  with  it. 
The  sewage  then  ran  from  the  trough  to  the  tank,  where  it  ^a 
allowed  to  settle.     A  portion  of  the  sewage  was  diveiied  into. 
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smaller  tank  before  mixing  with  chemicals,  and  allowed  to  settle  for 
the  same  length  of  time.  In  one  experiment,  on  June  1,  when  the 
tank  was  full,  it  was  allowed  to  overflow  at  the  other  end  from  that 
at  which  the  sewage  entered,  the  sewage  with  the  chemicals  flowing 
in  continuously.  In  this  way  the  average  length  of  time  for  the 
sewage  to  settle  in  passing  through  the  tank  was  90  minutes.  In 
the  other  experiments,  the  inflow  of  sewage  was  stopped  when  the 
tank  was  filled,  and  the  time  of  settling  reckoned  from  the  time 
when  the  tank  was  full.  The  results  of  these  experiments  are  as 
follows :  — 

Results  of  Experiments  in  Large  Tank, 

[ParU  per  100,000.] 


Original  sewage,  May  1, 18S9, 
Filtered  through  paper,     . 


Lime  water  used, 

Effluent  with  lime  water  equal  to  1,000  potinda 
of  lime  per  1,000,000  gallooB, .... 


20 


64.0 
38.0 


IM.O 
50.8 


26.4 
15.2 


4.4 
18.0 


^3 


27.6 
22.8 


145.6 
88.8 


2.20 
2.20 


1.80 
1.60 


Si! 

o  d 

II 


.37 
.19 
.35 


4.58 

3.83 
4.58 


Ill 


liquefied. 

5 
11,328 


Original  oewage,  May  3, 
Filtered  through  paper, 

Sewage  after  settling. 

Lime  water  oeed. 


Effluent   with  lime    water   equal   to    2,000 1 
pounds  of  lime  per  1,000,000  gallons,     .        ] 


22 


8 
4W 

22 


42.8 
34.6 

35.6 

214.0 

48.2 
49.2 
46.4 


17.4 
12.4 


9.8 


12.6 
12.2 
11.2 


25.4 
22.2 

25.8 

191.0 

35.6 
37.0 
35.2 


2.59 
2.60 


2.29 


2.12 
2.19 
1.75 


.56 
.29 


5.14 

5.68 

5.35 

4.84 
4.96 
4.97 


1,185,600 

1,518,000 

7 

6,026 
5,8"J0 
10,404 


Original  sewage,  May  7, 

Filtered  through  paper, 

Bewage  after  settling, 

Bcwage  after  setlliug, 

Effluent   -with    2,000    pounds  of    lime  per  | 
1,(H)0,U00  gallons j 


58.1 
31.2 


44.8 
43.2 


50.2 
48.6 


34.2 
10.2 


28.0 
17.8 


15.2 
15.6 


23.9 
21.0 


21.8 
25.4 


35.0 
33.0 


Original  sewage.  May  9 

Filicrcd  through  paper 

Bewngc  after  settling, 

Sewage  after  settling, 

Efflnent  with   2,000   ponnds    of    lime   per  \ 
1,000,000  gallons } 


55.2 
43.6 


45.6 
41.0 


46.0 
49.6 


26.2 
16.8 


15.0 
13.8 


29.0 
26.8 


30.6 
27.2 


11.2     34.8 
14.4     35.2 


3.15 

2.82 


1.90 
2.63 


1.84 

1.78 


4.04 

3.98 


4.90 
4.49 


7,854 


7,301 
8,720 


2.37 
2.38 


2.47 

2.40 


2.02 
1.88 


5-48 


8.31 
8.23 


11.55 
4.97 


24,486 
51,874 


Original  sewage.  May  14 

Filtered  through  paper, 

Sewage  after  settling 

Effluent  with  1,600  pounds  of  lime  per  1,000,000 
gallons 


50.0 
36.2 


51.0 


26.0 
12.8 


14.8 


15.4 


24.0 
23.4 


25.6 


2.62 
2.44 


1.96 


.37 


35.6     2.40 


4.30 


12,410.0( 
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■gS 

1 

F 

1 

1^ 

i 

if 
ll 

-< 

i 

pi 

Original  sewasre.  May  16,  . 
Filtured  through  paper,     . 

:    : 

- 

43.8 
40.0 

21.0 
16.4 

22.8 
23.6 

1.84 
1.80 

.44 

.22 

,4.12 

S80.9n 

Scwnge  after  Bettllng, 

. 

20 

85.8 

14.4 

21.4 

1.92 

.22 

4.30 

51Ir5(» 

Lime  water  need,        .... 

20 

225.8 
61.8 

15.0 
17.2 

210.  S 
44.6 

1.76 
1.88 

.25 
.30 

5.06 
5.30 

I 

Effluent  with  2,100  pounds  of  lime  per 
gallous, 

1,000,000 

v^ 

Original  sewage,  11.45  a.m.,  June  1, 
Filtered  through  paper,     . 

•     • 

_ 

45.2 
42.8 

18.8 
16.8 

26.4 
26.0 

2.36 
2.40 

.60 
.27 

6.81 

Effluent  with  5,000  pounds  alum  per 
gallons 

1,000.000 

l>i 

43.0 

16.4 

26.0 

2.00 

.39 

6.77 

Original  sewage,  2  p.m.,  June  1, 
Filtered  through  paper,     . 

•     • 

_ 

65.6 
50.4 

22.2 
15.8 

33.4 
34.6 

1.72 
1.80 

.55 
.29 

11.70 

- 

Effluent  tMth  600  pounds  of  alnm 
pounds  of  lime  per  1,000,000  gallonj 

and  800 
i,    . 

1>^ 

51.2 

12.6 

88.6 

1.60 

.31 

5.T. 

Original  sewage,  June  14, . 
Filtered  through  paper,     . 

•        • 

- 

63.6 

42.6 

23.2 
17.2 

30.4 
25.4 

2.00 
2.04 

.40 
.09 

4.85 

- 

Sewage  after  settling, 

1 

34.4 

11.6 

22.8 

2.48 

.88 

5.61 

- 

Effluent  with  500  pounds  copperas 
pounds  of  lime  per  1,000,000  gallonc 

and  600 

1 

99.2 

9.2 

30.0 

2.52 

.31 

4.30 

Original  sewage,  June  18,  . 
Filtered  through  paper,     . 

- 

58.2 
46.4 

28.8 
20.8 

29.4 
25.6 

2.28 
2.36 

.&1 
.35 

7.70 

- 

Sewage  after  settling. 

. 

1 

51.2 

21.6 

29.6 

2.44 

.46 

7.03 

- 

Effluent  with  500  pounds  of  alum 
pounds  of  lime  per  1,000,000  gallons 

and  700 

1 

62.6 

23.0 

39.6 

2.24 

.38 

6.26 

- 

Summary  of  BesuUs  in  the  Large  Tank. 

Chemicals  per  1,000,000  gallons. 

Settled, 
Ilonrs. 

Okoakic  SCatto 
RiMorsD,  Per  {.'asr. 

Datb. 

Loss 
on  Ignition. 

1  Albuminoid 
'  AmmoniA. 

May    1,.        . 

1,000  pounds  of  lime 

20 

32 

63 

May    3,.        . 

2,000  pounds  of  lime 

3 

38 

28 

May     7,.        . 

2,000  pounds  of  lime 

4 

56 

62 

May    9,.        . 

2,000  pounds  of  lime 

4 

57 

43 

May  14, .        . 

1,600  pounds  of  lime, 

27 

41 

» 

May  16, .       . 

2,100  pounds  of  lime . 

SO 

18 

SS 

Average, . 

1,800 

- 

40 

42 

Juno   1, . 

500  pounds  of  alum, 

^H 

13 

35 

June   1, . 

500  pounds  of  alum  and  800  pounds  of  lime, 

l>i 

43 

SS 

June  18, . 

600  pounds  of  alum  and  800  pounds  of  lime, 

1 

20 

26 

June  14, . 

500  pounds  of  copperas  and  600  pounds  of  lime, 

1 

60 

22 
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Experiments  in  Barrels. 

While  this  method  of  precipitation  in  a  large  tank  approaches  in 
many  ways  more  closely  than  any  other  to  a  sewage  plant  on  a  large 
scale,  it  did  not  prove  satisfactory  for  the  end  that  we  had  in  view, 
i.  e.,  comparative  results  with  the  same  sample  of  sewage.  Since 
the  composition  of  the  sewage  is  constantly  changing,  there  was  not 
only  a  great  difference  between  the  sewage  of  different  days,  but 
also  between  the  different  portions  of  sewage  required  to  fill  the 
same  tank.  It  was  thus  impossible  to  compare  strictly  the  effluent 
with  the  original  sewage ;  for  the  chlorine  shows  that  in  almost 
eveiy  case  the  sample  of  sewage  taken  for  analysis  does  not  repre- 
sent exactly  the  same  sewage  that  the  effluent  does.  Moreover,  it 
is  evidently  unfair  to  compare  the  effect  of  different  chemicals  upon 
different  sewages,  unless,  indeed,  the  average  of  a  large  number  of 
experiments  upon  similar  sewage,  by  each  process,  is  taken.  To 
work  out  in  this  way  the  problems  which  it  was  hoped  to  solve, 
seemed  almost  impossible. 

It  was  decided  that  the  only  way  to  get  entirely  satisfiictory 
results  was  to  make  several  parallel  experiments  on  the  same  sample 
of  sewage.  To  accomplish  this,  barrels  were  set  so  that  they  could 
be  filled  from  one  of  the  sewage  tanks.  The  tank  was  filled  with 
sewage  and  thoroughly  mixed,  and,  while  it  was  still  being  stirred, 
the  barrels  were  filled  from  it  and  chemicals  added  as  desired.  One 
barrel  was  left  to  settle  without  chemicals,  for  comparison.  It  is 
possible,  in  this  way,  to  get  several  comparable  results.  The 
barrels  were  30  inches  high,  and  held  about  50  gallons  each.  As 
the  capacity  of  each  was  accurately  known,  it  was  easy  to  compute 
the  amount  of  precipitant  for  each  barrel,  at  any  desired  amount 
per  1,000,000  gallons. 

The  sewage  in  each  barrel  was  thoroughly  mixed  with  the  chem- 
icals, and  allowed  to  settle.  A  sample  of  the  effluent  above  the 
sludge  was  then  drawn  from  a  tap  about  10  inches  from  the  bottom, 
first  letting  it  run  freely  for  a  minute,  so  that  the  sample  fairly 
represented  the  contents  of  the  barrel,  above  the  very  thin  layer  of 
sludge. 

The  results  obtained  in  this  way,  during  May  and  June,  and  also 
one  series  Sept.  25,  and  one  Oct.  1,  1889,  are  as  follows :  — 
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Results  of  Experiments  in  Barrels  {May  21-OcL  i,  ISSO). 

[Part*  per  100,000.] 


J 

1^ 

• 
1 

1 

1 

1 

i 

i 

"c  E 

e  3 

si 

« 

g 

■     5"" 

Original  newagc,  Mav  21,       .        ... 
Filtered  through  paper,         .... 

- 

.80 

58.6 
33.2 

22.0 
12.0 

36.6 
21.2 

1.16 
1.04 

.38  !  3.40     706,«i>>3 
.14  i       -  ■ 

Sewage  after  settlfng, 

1 

.60 

49.6 

16.4 

33.2 

1.16 

.25  '  3.40     553,»5 

j 

Effluent  with   8,000  poundB  of  lime  per 

1,000,000  gallons  sewage,    .... 

Efilueni  with  500  pounds  of  copperas. 

Effluent  with  500  pounds  copperas  and  500 

pounds  lime 

1 
1 

1 

.05 
.60 

.11 

248.0 
49.6 

41.4 

13.4 
14.0 

11.4 

234.8 
35.6 

30.0 

1.16 
1.00 

1.12 

1 

.25  1  4.22             3 
.30  .  3.47       79,tMJ 

.11  1  3.57  j      8,4s 

1           1 

Origiual  sewage.  May  23,       .        .        .        . 
Filtered  through  paper,         .... 

- 

.50 

54.8 
35.8 

23.6 
12.8 

31.2 
23.0 

1.80 
1.76 

.45 

.16 

4.12 

1 

Effluent  with  500  pounds  of  alum, 
Effluent  with  600  pounds  of  lime, 
Effluent  with  500  pounds  of  alum  and  500 
pounds  of  lime, 

2 
2 

2 

.30 
.25 

.14 

39.8 
46.4 

44.6 

13.4 
15.2 

14.0 

26.4 
31.2 

30.6 

1.72 
1.56 

1.80 

.31 
.26 

.22 

4.30 
4.24 

4.20 

- 

Original  newage.  May  24 

Filtered  through  paper 

- 

.67 

57.2 
44.2 

25.6 
16.0 

31.6 
28.2 

l.«2 
1.96 

.71 
.34 

7.50 

- 

Sewage  after  settling,     .  "    . 

1 

.40 

48.2 

19.8 

28.4 

1.84 

.59 

7.42 

- 

Effluent  with  500  pounds  of  alum  and  500  ) 
pounds   of    lime    per  1,000,000  gallous  J 
Bewage, ) 

Effluent  with  600  ponnds  of  copperas  and  i 
500  pounds  of  lime } 

1 
2 

.11 
.08 

52.0 
51.2 

18.6 
13.2 

38.4 
38.0 

1.92 
l.ii2 

.29 
.41 

7.S5 
7.36 

: 

1    1 
2 

.17 
.15 

54.8 
51.4 

18.0 
13.0 

88.8 
38.4 

1.52 
1.56 

.36 
.35 

7.S2 
7.31 

- 

Orifflnnl  sewage,  May  31,      ...        . 
Filtered  through  paper 

- 

.33 

50.4 
43.0 

21.6 
15.8 

28.8 
27.3 

2.60 
2.60 

.64 
.27 

8.08  11,125.6-0 

-    1         . 

Sewage  after  settling 

1 

.26 

43.4 

15.0 

28.4 

2JS0 

.35 

8.07 

5,«2,«»:. 

Effluent  with  500  pounds  of  alum,      .        j 

Effluent  with  500  pounds  of  alum  and  50U 
pounds  of  lime, 

1 
2 

1 

.15 
.13 

.17 

57.2 
45.4 

57.6 

19.4 
16.2 

18.0 

37.8 
30.2 

39.6 

2.60 
2.52 

2.52 

.82 
.30 

.42 

8.07 
8.04 

8.06 

8»>'- 
4M,».'.» 

Original  sewntco,  June  6,       .        .        .        . 
Filtered  through  paper 

_ 

.60 

77.2 
42.4 

35.6 
15.6 

41.6 
26.8 

2.12 

2.00 

.76     6.Mi 

.30        .,           - 

Sewage  after  settling, 

1 

.30 

49.4 

21.8 

27.6 

2.08 

.43 

6.12             . 

Effluent  with  120  pounds  of  ferric  oxide  as 
ferric  sulphate, 

Effluent   with  120  pounds  of  ferric  oxide 
and  700  pounds  of  lime,      .... 

1 
1 

.19 
.16 

40.4 
51.0 

13.2 
12.0 

27.2 
39.0 

8.00 
1.92 

.34 

.28 

1 
6.24 

6.46 

- 

Original  sewage,  Juno  7,       .        .        .        . 
Filtered  through  paper,         .... 

« 

.50 

56.4 
40.8 

23.2 
13.2 

33.2 
27.6 

2.12 
2.18 

.73 
.23 

fl.21 

- 

Effluent  with  500  pounds  of  copperas  and 
7uu  poundfl  lime, 

Effluent  with  500  pounds  of  alum  and  700 
pounds  of  lime 

1 
1 

.11 
.12 

53.0 

58.4 

13.2 
16.0 

39.8 
42.4 

1.96 
2.00 

.33 

8.21 
6.24 

- 

Effluent  with  120  pounds  of  ferric  oxide 
and  700  pounds  of  lime,      .... 

1 

.12 

53.6 

13.2 

40.4 

2.00 

.34 

6.34 

- 

♦  One  divided  by  the  number  of  inches  of  material  through  which  a  small  platinum  wire  can  be  serfi. 
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ScsuUs  of  ExperimenU  in  Barrels  (May  21-Oci.  1, 1 55P)  —Concluded. 

[Parts  per  100,000.] 


i 

1 

§1 

r 

1- 

§1 

< 

j 

Bacteria  per 
Cubic  Ceu- 
timcier. 

Oriirinal  sewage,  Juno  12,     , 

Filtered  through  paper,         .... 

Sewage  after  settling,     ...*.. 

Effluent  with  700  pounds  of  lime, 
Effluent  with  500  pounds  of  copperas  and 
700  pounds  of  lime, 

1 
1 
1 

.67 

.40 
.23 

.13 

80.4 
44.4 

60.2 

53.2 

52.6 

40.2 
17.6 

20.2 

15.0 

11.4 

40.2 

26.8 

30.0 
38.2 
41.2 

2.28 
2.08 

2.60 

2.40 

1.88 

.64 

.28 

.45 
.30 
.39 

7.62 

7.59 
7.40 
7.71 

- 

Original  sewage,  June  13 

Filtered  through  paper,         .... 

Sewage  after  settling, 

Effluent  with  120  sounds  of  ferric  oxide 
ond  700  pounds  of  Hme,      .... 

Effluent  with  120  pounds  of  ferric  oxide 
precipitated  with  100  pounds  of  lime  be- 
fore adding  to  the  sewage. 

1 

1 
1 

.67 
.28 
.18 
.28 

62.0 
42.0 

40.4 

46.8 
41.0 

25.8 
18.0 

18.2 
0.8 
11.8 

26.2 
24.0 

28.2 
36.0 
20.2 

1.84 
1.88 

1.88 
1.92 
2.00 

.50 
.21 

.32 
.33 
.38 

5.96 
5.96 
6.00 
6.01 

- 

Original  sewage,  June  17,     . 

Flittered  through  paper 

Sewage  after  settling,    .        .        .        .        i 

Effluent  wilh  500  pounds  of  copperas  and  ) 
7uO  pounds  of  lime,     .        .        .        .        / 

1 

2 

1 
2 

.67 
.60 
.17 

68.2 
42.6 

52.6 
60.0 

64.4 
64.2 

32.4 
19.4 

26.6 
23.6 

17.2 
16.6 

25.8 
23.2 

26.0 
26.4 

37.2 
37.6 

2.48 
2.48 

2.00 
2.56 

2.24 
2.24 

.69 
.31 

.62 
.64 

.45 
.35 

5.38 

5  40 
5.40 

5.38 
5.41 

— 

Original  sewage,  June  21,      .        .        .        . 
Filtered  through  paper 

Sewage  after  settling, 

.Kfflnont  with  670  pounds  of  lime, 
Etiiueut  with  120  pounds  of  ferric  oxide,    . 

1 

1 
1 

.50 

.33 

.12 
.26 

67.0 
39.2 

63.2 

60.0 
30.6 

44.4 

18.8 

29.8 

26.8 
15.2 

22.6 
20.4 

23.4 

23.2 
24.4 

. 

2.90 
2.80 

2.92 

2.36 
2.88 

.68 
.3* 

.51 

.36 
.61 

5.30 

5.37 

6.21 
5.31 

- 

Ori^nnl  sewage,  Sept.  25 

Filtered  through  paper 

Sewage  after  settling 

Effluent  with  650  pounds  of  Hme, 
Kffltient  with  1,300  pounds  of  Hme,      . 
Kttiuent  with  2,000  pounds  of  lime,      . 
Effluent  with  650  pounds  of  lime  and  250 

founds  of  alum, 

Effluent  with  650  pounds  of  lime  and  500 

pounds  of  alum, 

Effluent  with  650  pounds  of  Hme  and  1,000 

X>ouodsof  alum, 

1 

1 
1 
1 

1 

1 

1 

.40 

.30 

.20 

.10 
.10 

.17 

.14 

.07 

47.2 
34.4 

40.8 

47.2 
62.4 
67.2 

61.2 

46.6 

41.6 

24.4 
12.4 

16.4 

16.0 
14.4 

18.4 

17.2 
12.0 
0.6 

22.8 
22.0 

24.4 

31.2 
38.0 

38.8 

34.0 
33.6 
32.0 

2.00 
2.00 

2.00 

1.94 
1.94 
2.00 

2.00 

1.94 

1.94 

.64 

.46 

.60 

.62 
.32 
.38 

.34 

.36 

.34 

4.80 

4.77 

4.77 
4.76 
4.82 

4.77 

4.73 

4.87 

- 

Orlirinal  sewage,  Oct.  1,         .... 
Fillered  through  paper,         .... 

Sewage  after  settling 

Effluent  with  650  pounds  of  lime. 
Effluent  with  2,000  pounds  of  lime,      . 
Effluent  with  dUO  pounds  of  copperas. 
Effluent  with  260  pounds  of  copperas  and 

650  pounds  of  lime, 

Effluent  with  600  pounds  of  copperas  and 

750  pounds  of  lime 

Effluent  with  1000  pounds  pf  copperas  and 

800  pounds  of  lime, 

1 

1 
1 

1 

1 
1 
1 

.55 

.38 

.28 
.10 
.35 

.22 

.16 

.12 

62.2 
45.4 

48.8 

65.6 
54.4 
61.6 

46.8 

61.0 

61.4 

20.2 
14.0 

16.4 

10.0 
10.8 
18.4 

13.6 

12.0 

10.4 

32.0 
31.4 

32.4 

39.6 
4:?. 6 
83.2 

33.2 

39.0 

41.0 

1.70 
1.70 

1.75 

1.75 
1.60 
1.70 

1.70 

1.80 

1.70 

.61 
.28 

.43 

.31 
.27 
.45 

.35 

.25 

.23 

8.72 

8.65 

8.50 
8. '22 
8.66 

8.42 

8.29 

8.82 

" 
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T^  Cent. 

of  Organic  Matter  Removed  after  Settling  for  one 

ffourmlh,- 

Without 
Chkmi- 

CAL8. 

700 
Pounds 

600 

POIKDS 

Alum. 

600  POCWDS 

Alum  AMD 

700  POUKD8 

Limb. 

600 
Pounds 

COPPKIUS 

500  Pounds 
1  Copperas 

1         AVD 
700  POCKDS 
LlMK.       1 

120POCXOS  1*1  h^^:  J 

OXIOK  AS    OXIDCA^ 
Fkrxic    ITODPoCiM 
SCLi>HATI.|        LilJC 

Date. 

It 

i 
'f 

P 

i 

2| 

P 

1^ 

|J5 

li 

11 
1' 

1 

OS 

I' 

11 

J", 

1  li 

May  21,    . 

23,  . 

24,  . 
31,    . 

June   6,    . 
7,    . 

12,  . 

13,  . 
17.    . 
21.    . 

Sept.  25,    . 
Oct-     1,    . 

26 

23 
30 
39 

50 
30 
18 
83 
33 
19 

84 

17 
45 
43 

30 
36 
10 
26 
7 
16 

36 

64 

40 
35 
21 
39 

42 

39 

49 

3 

84 

33 

43 
10 

27 

31 
60 

40 

40 
47 
17 

31 

i  « 

81 
69 
34 

51 
44 

86' 
86 

.21 
21 

48 
88 

43 

71 

47 

1    " 

48 

71 

■  i 

49 

55 
39 

3* 

51 

63 
66 

1 
55 

11 

43 

62 

6 

U 

34 

Average, 

30 

2.| 

1  '' 

48 

60 

64 

33 

.    57 

1 

al 

Summary  of  Results  of  Barrel  Experiments  to  Oct,  1, 1889* 


Costlbr 
Chemicals 

per 
InhablUnt 
Annnallj. 


KniPber 

of 
Expert- 
meiits. 


Pereent 

Loss  on 

Ignition 

Bonoved. 


Peroeut 

AlbSmlB- 
oidAia- 
nmnlsKe- 


Sewage  after  settllDg 

Effluent  with  700  poands  of  lime, 

Effluent  with  600  pounds  of  alum, 

Efflaent  with  600  pounds  of  alum  and  700  pounds  of  lime,     . 

Effluent  with  600  pounds  of  copperas, 

Effluent  with  500  pounds  of  copperas  and  700  pounds  of  lime, 
Effluent  with  120  pounds  of  ferric  oxide, 


fO.OO 
.11 


.34 
.09 
.20 
.13 


10 
5 
2 
5 

1 
6 
2 


90 
39 
27 
37 
36 
48 
64 


» 
33 
40 
48 

21 

S3 


Effluent  with  120  pounds  of  ferric  oxide  and  700  pounds  of 
liiue, * 


.24 


These  results,  while  agreeing  in  the  main  with  those  that  follow, 
cannot  be  regarded  with  the  same  confidence  as  the  others  which  are 
more  fully  discussed.  Owing  to  limited  opportunities  for  analytical 
work  during  May  and  June,  only  two  or  three  experiments  were  made 
on  one  day,  and  the  analyses  were  not  usually  made  until  the  follow- 
ing day.  There  was  thus  a  very  considerable  source  of  error,  for 
sewage  decomposes  with  great  rapidity  on  standing. 
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Experiments  to  Determine  tiie  Efficiency  op  the  Different 

Chemicals. 

Commencing  Oct.  2,  1889,  a  series  of  experiments  was  made,  to 
determine  more  definitely  the  most  suitable  proportion  of  the 
various  chemicals,  and  their  respective  merits.  These  experiments 
were  made  in  barrels,  as  has  already  been  described,  and  the  deter- 
minations of  those  substances  which  were  liable  to  change  were  made 
in  every  case  within  two  or  three  hours  after  the  collection  of  the 
samples. 

The  time  of  settling  has  been  uniformly  one  hour.  A  slightly 
better  result  would  be  obtained  by  waiting  longer  before  taking  the 
samples ;  but  a  few  experiments  have  indicated  that  the  diflerence 
between  one  and  four  hours'  settling  is  very  slight,  and,  in  com- 
parative experiments,  the  advantage  of  making  the  experiments  and 
completing  the  chemical  analysis  on  the  same  day  (thus  avoiding 
change  by  putrefaction)  is  very  great.  It  is  also  thought  that  an 
hour's  settling  in  a  tank  thirty  inches  deep  may  be  equivalent  to  two 
or  three  hours'  settling  in  a  tank  six  feet  deep. 

As  the  methods  of  analysis  used  for  these  experiments  differ 
somewhat  in  detail  from  those  used  for  waters,  it  may  be  well  to 
mention  here  the  processes  employed. 

The  organic  matter  of  sewage  is  in  a  state  of  rapid  change,  and 
very  different  results  for  loss  on  ignition  and  albuminoid  ammonia 
will  be  obtained  from  the  same  sample,  if  it  be  examined  at 
different  intervals  of  time  after  collection.  The  addition  of  the 
chemicals  used  for  precipitation  removes  in  many  cases  a  large  por- 
tion of  the  bacteria,  and  in  these  cases  the  decomposition  goes  on 
much  more  slowly  than  in  the  untreated  sewage.  In  order  to  ascer- 
tain the  amount  of  organic  matter  removed,  it  is  necessary  in  all 
cases  to  determine  the  ammonias  and  to  evaporate  for  the  solids 
immediately  after  taking  the  sample.  In  all  the  following  exper- 
iments these  determinations  have  been  so  made. 

The  ammonia  determinations  have  been  made  by  the  indirect 
process  in  a  current  of  steam,  described  elsewhere,  using  10  cubic 
centimeters  of  sewage,  and,  for  the  aliniminoid  ammonia,  20  cubic 
centimeters  of  alkaline  permanganate  solution.  One  portion  of 
free  ammonia  (50  cubic  centimeters)  is  taken  off  and  diluted  before 
nesslerizing.  Two  portions  of  albuminoid  ammonia  are  distilled. 
In  the  third  and  following  portions  the  amount  of  ammonia  is  very 
small,  and  has  been  neglected.     It  comes  probably  in  part,  at  least. 
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from  urea.  This  method  gives  much  more  satisfactory  results  than 
can  be  obtained  by  dilution  with  ammonia-free  water,  and  distilla- 
tion in  the  ordinary  way.     It  also  requires  much  less  time. 

The  solids  have  been  determined  in  the  usual  way,  using  50  cubic 
centimeters  with  sodium  carbonate,  and  the  solid  residues  have  been 
titrated  for  chlorine. 

Nitrates  and  nitrites  have  not  always  been  looked  for,  but  they 
are  almost  invariably  absent,  and,  if  present  in  small  quantities, 
they  would  have  no  significance. 

Turbidity  lias  been  determined  by  noting  the  depth  in  the  barrel 
at  which  a  small  platinum  wire  can  be  seen.  The  number  given  is 
one  divided  by  the  depth  in  inches.  Thus,  when  the  wire  can  be 
seen  four  inches,  the  turbidity  is  0.25.  The  result  depends  to  some 
extent  upon  the  light,  and  the  experience  of  the  observer,  but  the 
comparative  results  are  very  satisfactory. 

Tlie  alkalinity  is  obtained  by  titrating  50  cubic  centimeters  of 
sewage  with  twentieth  normal  sulphuric  acid,  using  methyl  orange 
as  indicator.  The  result  is  expressed  in  terms  of  normal  acid  per 
100  cubic  centimeters.  The  alkalinity  of  sewage  increases  slightly 
on  standing.  This  is  probably  due  to  decomposition  of  urea.  The 
*'acid  number"  is  obtained  by  titration  with  acid,  using  phenol- 
phthalein  as  indicator,  and  is  given  in  the  same  terms  as  the  alka- 
linity. Sewage,  and  eflSiuents  from  precipitation  without  lime,  or 
with  a  small  amount  of  lime,  do  not  color  phenolphthalein.  In  this 
case,  an  excess  of  standard  lime  w^atcr  is  added,  and  the  excess 
titrated  with  acid.  The  amount  of  normal  acid  equivalent  to  the 
lime  required  per  100  cubic  centimeters  is  given  as  the  acid  num))er 
with  a  negative  sign.  To  prevent  the  loss  of  carbonic  acid  when  the 
acid  number  is  negative  the  measuring  glass  is  filled  from  a  iiiU 
passing  to  the  bottom,  and  allowed  to  run  over  for  some  time,  and 
the  lime  water  is  mixed  with  the  sewage  in  the  flask  before  pouring 
out  for  titration.* 

The  bacterial  examinations  have  been  made  under  the  direction 
of  Professor  Sedgwick  at  the  Institute  of  Technology  in  Boston. 

Precipitation  with  Lime. 
The  quicklime  of  commerce  does  not  have  a  constant  composition. 
It  has  been  thought  best,  for  the  purpose  of  these  experiments,  to 

*  See  paper  on  "  The  Determination  of  Carbonic  Add  in  Water,  and  the  Bicarbonates  of 
Lime  and  Magnesia,"  by 'Allen  Hazen.    Tech.  Quarterly,  Vol.  3,  P.  182. 
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take  an  arbitrary  amount  of  calcium  oxide  in  solution  as  lime  water, 
to  represent  a  ton  of  lime,  rather  than  weigh  out  lime  for  each 
experiment.  This  method  will  give  strictly  comparable  results, 
while,  if  the  lime  was  weighed  out,  there  would  always  be  uncer- 
tainty as  to  the  composition  of  the  portion  used,  as  different  lumps 
of  lime  from  the  same  barrel,  and  even  different  poilions  of  the 
same  lump,  may  differ  widely  from  each  other  in  composition.  If 
pure  calcium  oxide  is  dissolved  in  distilled  water  at  the  rate  of  one 
ton  per  million  gallons,  it  will  have  an  acid  number  or  alkalinity  of 
0.86;  i.  e.,  it  will  require  0.86  cubic  centimeters  of  normal  sul- 
phuric acid,  49  grams  per  litre,  to  neutralize  100  cubic  centimeters. 
But  quicklime  only  contains,  on  an  average,  perhaps  80  to  85  per 
cent,  of  uncombined  calcium  oxide,  and  a  portion  of  this  is 
diflScultly  soluble,  so  that  it  is  impossible  to  make  a  lime  water 
which  represents  the  full  theoretical  strength  of  the  lime.  In  a  few 
experiments  in  dissolving  lime  in  sewage,  10  to  15  per  cent,  of  the 
'  lime  proved  to  be  not  easily  soluble.  From  these  experimenfs  I 
have  assumed  that  lime  will  on  the  average  yield  70  per  cent,  of  its 
weight  of  calcium  oxide  in  solution.  This  is  believed  to  be  a  fair 
estimate,  which  can  be  obtained  in  practice.  This  corresponds 
nearly  to  an  acid  number  of  0.60  for  one  ton  per  million  gallons, 
and  I  have  taken  that  as  a  basis  for  computing  the  amount  of  lime 
used  in  each  experiment.  The  lime  is  slaked  with  a  large  amount 
of  sewage,  and,  after  settling,  the  acid  number  is  obtained  by 
titi'ution.  From  this  is  calculated  the  amount  of  lime  water  to  be 
added  to  the  sewage. 

By  treating  sewage  with  a  large  excess  of  milk  of  lime,  the 
undissolved  calcium  hydrate,  in  settling,  carries  down  the  insoluble 
organic  matter  almost  completely,  and  in  a  very  short  time. 

On  May  10,  an  experiment  was  made  as  follows :  A  weighed 
portion  of  lime  was  slaked  in  a  barrel,  and  the  barrel  filled  with 
sewage.  After  settling  for  a  few  minutes,  the  cleared  liquid  was 
drawn  off,  and  the  barrel  again  filled  with  sewage.  This  was 
repeated  until  the  lime  was  exhausted.  In  all,  480  gallons  of 
sewage  were  treated.  The  lime  used  was  at  the  rate  of  6,600  pounds 
per  1,000,000  gallons ;  4.8  gallons  of  sludge  were  left,  having  4  per 
cent,  of  solid  matter.  This  process  could  not  be  used  on  a  large 
scale,  owing  to  the  amount  of  lime  required,  and  the  excess  of  lime 
left  in  solution,  which  would  slowly  precipitate  out  on  exposure  to 
the  air.     The  completeness  with  which  the  bacteria  are  removed,  or 
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killed,  and  the  large  volume  of  liquid  which  can  be  treated  in  a 
small  tank,  might  render  it  of  use  in  some  cases  for  disinfection. 
The  results  were  as  follows  :  — 


Results  of  Precipitation 

with  Large  Excess 

of  Lime. 

[Parti  per  100,000.] 

1 

1 

f 

J 

1^ 

i 

5? 

Original  eewage, 

43.2 

17.6 

25.6 

1.48 

.36 

5.24 

1.S8I,«I0 

Filtered  through  paper, 

3S.8 

13.2 

25.6 

1.48 

.22 

- 

- 

Efflaent  with  lime,  after  5  minutes,     . 

113.4 

11.8 

101.6 

1.48 

.18 

5.35 

12 

Effluent  after  1  hour 

05.8 

8.0 

87.8 

1.48 

.19 

6.26 

17 

Effluent  after  24  hours 

93.4 

10.2 

83.2 

1.37 

.18 

6.31 

5 

Effluent  from  another  sewage,  6  minutes,  . 

155.2 

17.2 

138.0 

1.92 

.29 

6.70 

TT* 

Sludge  representing  100   times  its  volume   of 
sewage, 

4067.0 

414.0 

3653.0 

3.60 

21.4 

6.56 

100 

The  action  of  smaller  amounts  of  lime  is  quite  different.  Calcium 
carbonate  is  then  formed  with  the  carbonic  acid  of  the  sewage,  and 
it  is  thus  the  carbonate  instead  of  the  hydrate  which  clarifies  the 
sewage.  Calcium  carbonate  is  somewhat  soluble  in  water  or  sewage 
containing  carbonic  acid.  To  obtain  a  precipitate,  it  is  necessary  to 
add  enough  lime  to  combine  with  the  greater  part  of  the  carbonic 
acid. 

The  amount  of  calcium  carbonate  precipitated  in  any  experiment 
can  be  computed  in  three  ways  :  — 

First,  from  the  alkalinity.  If  we  add  the  alkalinity  of  the  sewage 
to  that  of  the  lime  used,  we  obtain  the  total  alkalinity  of  the  mi.\tui-e. 
As  calcium  carbonate  precipitates,  the  alkalinitj*^  becomes  less,  and 
the  decrease  multiplied  by  50,  the  equivalent  weight  of  calcium 
carbonate,  gives  the  amount  of  the  precipitate.  Thus,  if  sewage  has 
an  alkalinity  0.29,  and  we  add  1,500  pounds  of  lime,  =0.45,  and 
the  precipitated  sewage  has  an  alkalinity  0.51,  we  have(.29-f  .45-.51) 
50=11.5  parts  per  100,000  calcium  carbonate  precipitated. 

Second,  from  the  solids.  One  ton  of  lime  per  million  gallons  is 
equal  to  30  parts  per  100,000  calcium  carbonate.  If  we  add  the  weight 
of  the  lime  used  to  the  fixed  residue  of  the  filtered  sewage,  and 
deduct  the  fixed  residue  of  the  precipitated  sewage,  we  shall  obtain 
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the  amount  of  the  precipitate.  Thus,  filtered  sewage  having  a 
fixed  residue  of  24.6  parts,  and  precipitated  sewage  with  1,500 
pounds  of  lime  35.2  parts,  the  precipitate  =24.6-1-22.5-35.2=11.9 
parts. 

Third,  from  the  carbonic  acid.  The  difference  between  the  acid 
number  with  phenolphthalein  and  the  alkalinity  represents  one-half  of 
the  total  carbonic  acid,  and  the  decrease  in  carbonic  acid  represents 
the  calcium  carbonate  precipitated.  Thus,  sewage  having  an  acid 
number  — 0.11  and  an  alkalinity  0.29,  and  precipitated  sewage  an 
acid  number  0.23  and  an  alkalinity  0.51,  we  have  (2[.29-(-.ll)]-2 
[.51-.23])50=12  parts. 

These  three  processes  usually  give  fairly  concordant  results,  and 
in  the  following  tables  the  average  of  the  three  results  is  given.  The 
different  methods  are  quite  independent  of  each  other,  and  the  pos- 
sible sources  of  error  are  entirely  different.  The  first  and  second 
are  affected  by  the  accuracy  of  the  measurements  of  the  sewage  and 
lime,  while  the  third  is  entirely  independeht  of  those  measurements. 

On.  the  following  pages  are  given  the  results  of  four  series  of 
experiments  with  different  amounts  of  lime.  Seven  barrels  in  each 
case  vrere  filled  from  the  same  tank  of  sewage,  and  the  amounts  of 
lime  stated,  added  to  the  different  barrels.  Each  vertical  line  on 
the  diagram  shows  one  of  these  experiments. 


Digitized  by  VjOOQ IC 


750        CHEMICAL  PRECIPITATION  OF  SEWAGE, 


Results  of  the  Treatment  of  Sewage  with  Different  Amounts  of  Lime  (Oct.  2, 1839)- 

[Parta  per  100,000.] 
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9 
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1 

1 

1 

1 

11 
SB 
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c 

i 

II 
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1 

i 

J.  ^ 

II 

u  Z 

Original  Bcwage,         .... 

1.00 

69,6 

24.2 

35.4 

2.00 

.85 

4.68 

-0.11 

.29 

- 

196,'XO 

Pillered  through  paper,     . 

- 

36.6 

12.0 

24.6 

1.90 

.40 

- 

- 

- 

- 

- 

After  Bottling  1  hour, 

.55 

49.8 

17.6 

32.2 

1.85 

.67 

4.58 

-0.11 

.29 

- 

12S.2M 

Effluent  with  44)0  pounds   of   Urao 
per  1,000,000  gnllotm  aowage. 

.50 

53.6 

18.8 

34.8 

1.85 

.53 

4.70 

0 

.40 

0 

1         - 

Effluent  with  600  pounds  of  lime, 

.43 

53.0 

16.0 

37.0 

1.75 

.52 

4.60 

4-.06 

.46 

0 

95/03 

Effluent  with  800  pounds  of  lime,  . 

.33 

53.0 

15.6 

37.4 

1.75 

.46 

4.59 

.11 

.50 

1. 

;  ...:■ 

Effluent  with  1,000  pounds  of  lime, . 

.35 

51.0 

13.2 

37.8 

2.00 

.40 

4.61 

.19 

.57 

2. 

1     50.00-} 

Effluent  with  1,500  pounds  of  lime,  . 

.23 

47.2 

12.0 

35.2 

1.85 

.29 

4.09 

.23 

.51 

12. 

12.1S} 

Effluent  with  2,000  pounds  of  lime,  . 

.25 

55.4 

11.8 

43.6 

1.86 

.40 

4.70 

.31 

.60 

12. 

1     s,ix 

1 

Digitized  by 


Google 


CHEMICAL  PRECIPITATION  OF  SEWAGE. 


751 


Sewage  treated  with  Different  Amounts  of  Lime,  Oct.  2, 1889. 


ScaU8. 


LoBfl  OD  ignition, 
Albaminoid  ammonia. 
Turbidity, 
Alkalinity, 
Acid  number,  . 


10  =  10       parta. 
10=  0.10  part. 
10=   0.10 
10=   0.10 
10=    0.10 


ScaU9. 
Precipitated  lime,         .       .       10  =  10.     parta. 
Bacteria,        .        .        .        .        10  =  100,000. 
Cost  of  chemicals,         .        .        10  =    10  ccuta  an. 
nnally  for  each  inhabitant. 


/^ 


iMZ 


I 


heci/tM:d  mrri4iiO    ^00  d 00  1000  i500^        SOOl 

Pounds  of  Lime  per  /,US/IMO  Cf^h. 
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Besults  of  the  Treatment  of  Sewage  with  Different  Amounts  of  Lime  {Oct,  4, 1830). 

[Parts  per  100,000] 


=  . 

r- 

i 

i 

1 

1 

c 
o 

1 

1 

■s 

i 

< 

1 

a 

li 
sg 

js  a 
< 

s  a. 

< 

1 

< 

as 

1^ 

H 
P 

-a 

Original  sowagc,  .... 

.60 

52.0 

23.6 

28.4 

2.25 

.72 

5.23 

—.10 

.29 

- 

1 

1.572,000  n2,:00 

Filtered  through  paper, 

- 

39.6 

14.4 

25.2 

2.25 

.38 

- 

- 

- 

- 

1 

After  Battling  1  hour,   . 

.33 

44.4 

18.4 

26.0 

2.15 

.38 

5.25 

-.10 

.29 

- 

783.200 

30,500 

Effluent  with  1 ,000  pounds  of  lime 
per  1  ,OOU,UOO  gallons  of  sewage, 

.22 

55.4 

16.6 

38.8 

2.15 

.38 

5.20 

+.18 

.57 

1. 

55JiOO 

10.200 

Effluent  with  1,200  pounds  of  lime, 

.23 

50.4 

16.0 

34.4 

2.16 

.37 

5.21 

.14 

.52 

B 

49,500  13,3o0 

Effluent  with  1,400  pounds  of  lime, 

.15 

64.8 

14.0 

40.8 

2.15 

.34 

5.22 

.23 

.56 

6 

44.000    4,S00 

Effluent  with  1,600  pounds  of  lime, 

.13 

52.6 

13.4 

39.2 

2.25 

.32 

5.23 

.24 

.48 

13 

11,448      430 

Effluent  with  1,800  pounds  of  lime, 

.14 

54.2 

13.6 

40.6 

2.25 

.34 

5.19 

.25 

.49 

15 

12,300 

:» 

Effluent  with  2,000  pounds  of  lime. 

.15 

50.2 

13.8 

36.4 

2.16 

.32 

5.19 

.26 

.49 

18 

5,931) 

0 
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Sewage  treated  toilh  Different  Amounts  of  Lime,  Oct.  4, 1889. 


Scalet, 

Scales. 

LoM  on  ignition, 

10  =  10       parU. 

Precipitated  lime,  . 

10  =  10       parU. 

Albuminoid  amroonlA,    . 

10=   0.10  part. 

Bacteria 

10  =  100.000. 

Turbidity,         .... 

10=  0.10 

Cost  of  chemicalB,  . 

10  =  10  cents  an. 

Alkalinity 

10=   0.10 

nuaUy  for  each  inhabitant. 

Add  number,  .... 

10  a  0.10 
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Results  of  the  Treatment  of  Sewage  with  Different  Amounts  of  Lime  (Oct.  8, 1889)- 

[Parts  per  100.000.] 


1 

iS 

1 
§ 

1 

1 

1 

i 

•< 

1 

h 

0  C 

< 

1 

it 
III 

-< 

< 
-< 

Is 

1^ 

Original  sewage 

.fiO 

64.0 

22.0 

82.0 

2.00 

.66 

6.23 

-.07 

.31.     - 

Filtered  through  paper, 

- 

42.8 

18.2 

29.6 

2.00 

.28 

- 

- 

- 

After  settling  1  hoari 

.90 

44.8 

16.0 

S8.8 

1.90 

.45 

6.22 

-.06 

.30 

Effluent  with  600  pounds  of  lime  per  1,000,000 
gallons  sewage 

.27 

61.2 

16.8 

34.4 

1.90 

.84 

5.20 

+.05 

.44 

Effluent  with  800  pounds  of  lime, 

.25 

66.0 

14.8 

40.2 

2.00 

.34 

5.20 

.14 

.52 

Effluent  with  1,000  pounds  of  lime,     . 

.19 

60.2 

12.8 

37.4 

2.00 

.32 

5.10 

.20 

.U 

Effluent  with  1,300  pounds  of  lime,     . 

.18 

51.6 

11.8 

40.0 

1.76 

.26 

5.14 

.25 

M 

Effluent  with  1,600  pounds  of  lime,     . 

.14 

48.8 

10.8 

38.8 

1.85 

.25 

5.05 

.26 

.41 

16 

Effluent  with  2,000  pounds  of  lime,     . 

.16 

53.6 

11.0 

42.6 

1.76 

.27 

6.09 

.30 

.49 

19 
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Sewage  treated  with  Different  Amounts  of  Lime,  Oct*  8,  1889. 


Scales, 

I  on  ignition,      .       .       .  10  =  10       parU. 

Albuminoid  ammonia,    .        .  10=  0.10  i>art. 

Turbidity 10=  0.10 

Alkalinity 10  s  0.10 

60 


SeaUi. 
Acid  nnmber, .... 
PrecipiUted  lime,   . 
Cost  of  cliemicalB,  . 
noally  for  eaoli  Inhabitant. 


10=  0.10  part. 
10  =  10  parts. 
10  ss  10  cents  an- 


^/M  S^^        900    mo       9300       iBOO 
iPouffds  of  Lime  pet  Iftoofioo  ya/5. 


iOQ^ 
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Results  of  the  Treatment  of  Sewage  tuith  Different  Amounts  of  Lime  {Oct.  9, 1889). 

[Parts  per  100,000.] 


fl 

H 

1 

1 
§ 

1 

1 

1 

< 

i 

li 

< 

1 

II 

0  Q. 

r3%  e 

< 

< 

Si 
II 

9^ 

Original  sewBge, 

Filtered  through  paper,  .... 

After  settling  1  hoar,      .       .       .       . 

Effluent  with  1.000  pounds  of  lime  per 
1.000,000  gallons  sewage,    . 

Effluent  with  1,200  pounds  of  lime,      . 

Effluent  with  1,400  pounds  of  lime,      . 

Effluent  with  1,600  pounds  of  lime, 

Effluent  with  1,800  pounds  of  lime,      . 

Effluent  with  2,000  pounds  of  lime, 

.60 

.87 

.24 
.20 
.16 
.12 
.12 
.10 

86.4 
58.4 

63.2 

74.0 
64.8 
70.0 
67.0 
65.8 
81.8 

44.8 
31.4 

38.2 

35.0 
26.4 
27.8 
28.6 
23.2 
23.6 

41.6 
27.0 

130.0 

80.0 
42.0 
42.2 
43.4 
42.6 
38.2 

2.25 
2.15 

2.15 

2.15 
2.00 
2.25 
2.15 
2.00 
2.15 

.90 

.60 

.68 

.53 
.55 
.48 
.40 
.40 
.35 

6.58 

6.50 
6.53 

e.54 

6.48 
6.46 
6.41 
6.37 

-.10 

-.00 

+.15 
.10 
.28 
.27 
.20 
.20 

.20 

.20 

.54 
.56 
.58 
.60 
.56 
.52 

2 
3 
5 
7 

12 
18 

l.3«,000 

1,440.000 

71.W 
40,500 
M.2118 
S1.1S0 
7^ 
1.4<4 
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Sewage  treated  with  Different  Amounts  of  Lime,  Oct*  9^  1889> 

ScaUi, 


ScaU$, 
I  on  Ignition,     . 
Albuminoid  ammonia, 
Turbidity, 
Alkalinity, 
Acid  number, 


10  =  10       partfl. 
IDs  0.10 part. 
10=   0.10 
10=   0.10 
10=   0.10 


Precipitated  lime,    . 

Bacteria, 

Cost  of  chemicals,  . 
nnally  for  each  inhabitant. 


10  =  10       parts. 
10  =  100.000. 
10  =s  10  cents  an- 


/^ 


Precjf^iaiecl  y^/t/f  /OOO  I21W  1400  /600  /SOOZOOi 
Pounds  of  lime  per  /,000.ooo ^d/s. 
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It  will  be  seen  from  the  diagrams  that,  with  increased  amoants  of 
lime,  there  is  a  regular  improvement  in  the  effluent  until  the  point 
is  reached  where  the  lime  is  equal  to  the  carbonic  acid. 

The  addition  of  a  larger  amount  of  lime  than  this  does  not  usually 
remove  any  more  organic  matter.  An  increase  of  lime  does,  how- 
ever, kill  the  bacteria,  the  effluent  being  practically  sterile  where  a 
very  large  quantity  of  lime  is  used,  as  is  shown  by  the  experiment 
of  May  10.  It  often  happens  that  a  little  less  organic  matter  is 
removed  by  an  excess  of  lime  than  by  a  smaller  quantity.  This 
may  be  due  to  the  solvent  action  of  caustic  lime,  which  is  only  present 
when  the  lime  is  in  excess. 

The  amount  of  precipitated  calcium  carbonate  shows  the  amount 
of  that  substance  which  would  be  found  in  the  sludge.  Up  to  half 
a  ton  of  lime  very  little  is  precipitated.  It  is  held  in  solution  bj 
the  excess  of  carbonic  acid.  From  this  point  it  increases  rapidly  as 
far  as  the  experiments  were  carried.  The  amount  which  might  be 
precipitated  by  increased  amounts  of  lime  is  limited  by  the  amount 
of  carbonic  acid  present,  and  for  the  sewages  used  could  not  exceed 
35  to  40  parts  per  100,000.  It  will  be  noticed  that  the  maximum 
precipitation  of  calcium  carbonate  is  not  reached  when  the  lime  is 
equal  to  the  carbonic  acid;  for,  even  without  free  carbonic  acid, 
the  sewage  holds  in  solution  a  very  considerable  quantity  of  calcium 
carbonate. 

The  amount  of  lime  required  to  combine  with  the  carbonic  acid 
can  be  calculated  from  the  composition  of  the  sewage.  The  diflfer- 
ence  between  the  acid  number  with  phenolphthalein  and  the  alka- 
lipity  represents  the  carbonic  acid  as  a  mono-basic  acid,  and  twice 
this,  its  equivalent  as  a  di-basic  acid.  Base  equivalent  to  this  must 
be  present  to  foi*m  normal  carbonate.  An  amount  of  base  shown 
by  the  alkalinity  is  already  present,  and  we  have,  for  the  amount 
of  lime  to  be  added,  the  equivalent  of  the  alkalinity  less  twice  the 
acid  number  with  phenolphthalein.  It  follows  from  this,  that  at 
the  neutral  point  the  alkalinity  will  be  just  twice  as  great  as  the 
acid  number  with  phenolphthalein.  The  great  ease  and  accuracy 
with  which  these  determinations  can  be  made  enables  one  to  deter- 
mine at  any  point  the  amount  of  lime  to  be  added,  or  the  excess. 
This  determination  is  not  affected  by  precipitation  of  calcium  car- 
bonate, for  in  that  case  the  acid  number  with  phenolphthalein  is 
decreased  just  one-half  as  much  as  the  alkalinity.  The  results 
obtained  by  this  calculation  agree  well  with  those  obtained  by  trial. 
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Thus,  on  October  9,  the  calculated  amount  was  .29-2(-.10)=.49 
for  the  equivalent  of  lime,  or  1,633  pounds.  By  trial  1,600  pounds 
was  found  to  be  too  little,  and  1,800  pounds  too  much,  the  point 
coming,  it  is  judged,  from  these  determinations,  at  1,750  pounds. 

In  the  following  table  is  given  the  result  of  the  experiment  in 
each  series  in  which  the  lime  was  nearest  equal  to  the  carbonic 
acid :  — 


Results  of  Precipitation  in  which  the  Lime  used  was  equal,  or  nearly  so,  to  the 

Carbonic  Acid. 


Oct.  2. 


Oct,  4. 


Oct.  8. 


Oct.  9. 


Areraco. 


Amount  of  lime  naed, 

AlbumlDoid  ammonia  of  sewage,    . 

Remaining    after    filtering    throngh 

paper, 

Remaining  after  precipitation,     . 

Lorn  on  ignition  of  sewage,      . 
Remaining    after    filtering    through 

paper, 

Remaining  after  precipitation,     . 

TtiTbldlty  of  sewage. 
Remaining  after  precipitation,     . 


Bacteria  of  sewage,  . 
Remaining  after  precipitation, 


1,600 
.85 


47. 
84. 


24.2 


60. 
60. 


1.00 


196,000 
6.2 


1,600 
.72 


53. 
44. 


23.6 


61. 
66. 


.60 

26. 

1,672.000 
.73 


1,600 
.66 


60. 
44. 


22.0 


60. 
40. 


.50 
28. 


1,800 
.90 


65. 
44. 


44.8 


70. 
60. 


.60 


1,864,000 
.66 


1,626 

.76  parts  per  100,000 

61.  percent. 
41.  per  cent. 

28.6  parts. 

60.  per  cent. 

61.  per  cent. 

0.65 
24.  per  cent. 

1,044,000 
2.6  per  cent. 


We  have  thus  removed,  by  the  use  of  an  amount  of  lime  cor- 
responding to  the  carbonic  acid  in  the  sewage,  all  of  the  suspended 
organic  matter,  20  per  cent,  of  the  soluble  albuminoid  ammonia, 
15  per  cent,  of  the  soluble  loss  on  ignition,  97  per  cent,  of  the  bac- 
teria, 76  per  cent,  of  the  turbidity,  at  a  cost  for  chemicals  of  $7.31 
per  millioii  gallons,  or  27  cents  per  inhabitant  annually. 

In  calculating  the  cost  of  chemicals,  the  price  of  lime  yielding  70 
per  cent,  calcium  oxide  is  taken  at  $9  a  ton,  and  the  annual  cost  per 
inhabitant  is  reckoned  on  a  basis  of  100  gallons  of  sewage  daily  for 
each  person.  Of  course  the  figures  would  have  to  be  corrected 
for  particular  places,  taking  into  account  the  price  and  composition 
of  the  lime  used,  and  the  amount  and  composition  of  the  sewage. 

To  calculate  the  proportion  of  soluble  matter  removed,  it  is 
assumed  that  all  the  suspended  matter  is  first  removed,  and  that 
the  rest  must  be  soluble  matter.  This  very  nearly  represents  the 
truth,  but  a  small  amount  of  suspended  matter  is  always  left. 
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PRECnTTATION  WITH   COPPEBAS. 

Copperas,  or  ferrous  sulphate,  occurs  in  commerce  in  a  nearly  pure 
form.  Its  value  for  the  treatment  of  sewage  depends  upon  the 
precipitation  of  ferrous  hydrate  or  carbonate.  The  experiments  of 
May  and  June  indicated  that  it  is  necessary  to  add  lime  with  cop- 
peras, in  order  to  get  the  best  result.  The  following  experiments 
were  designed  to  ascertain  how  much  lime  is  required,  and  the  effect 
of  different  amounts  of  copperas,  and  whether  the  sewage  should  be 
first  mixed  with  the  lime  or  the  copperas  :  — 


Results  of  the  Treatment  of  Sewage  with  500  Pounds  of  Copperas  and  Differtnt 
Amounts  of  Lijpie  (Oct,  11, 1S89). 

[Parts  per  100,000.] 


^ 

I 

1 

1 
1 

< 

1 

a 

h 
II 

< 

s 

il 

< 

< 

U 

Jib 

So. 

P 

Original  sewage, 

.60 

50.0 

25.8 

24.2 

2.00 

.79 

4.97 

—.06 

.30 

176,000 

lilS.3W 

Filtered  through  paper, 

- 

38.8 

17.2 

21.6 

2.00 

.43 

- 

- 

- 

- 

- 

After  settling  1  hoar 

.85 

44.4 

20.2 

24.2 

2.00 

.65 

4.98 

— 05 

.30 

126,500 

1«,*-J 

Effluent  with  500  pounds  of  copperas 
per  1,030,000  gallons  of  sewage, 

.38 

48.8 

22.0 

26.8 

2.00 

.63 

4.97 

—.09 

.31 

24,500 

1U.W 

Effluent  with  500  pounds  of  copperas 
and  200  pounds  of  lime,    . 

.37 

47.8 

21.8 

26.0 

2.00 

.53 

4.99 

— 05 

.32 

56,000 

123,700 

Effluent  with  600  pounds  of  copperas 
and  400  pounds  of  liiue,    . 

.35 

49.0 

17.2 

31.8 

2.00 

.63 

4.94 

—.01 

.36 

72.000 

63.f'M 

Effluent  with  500  pounds  of  copperas 
and  800  pounds  of  lime,    . 

.15 

47.2 

14.8 

32.4 

2.00 

.31 

4.90 

+.07 

.45 

56,000 

10^ 

Effluent  with  600  pounds  of  copperas 
and  1,200  pounds  of  lime, 

.19 

49.6 

14.8 

34.8 

1.90 

.28 

5.18 

.17 

.46 

16.128 

NO 

Effluent  with  600  pounds  of  copperas 
and  2,000  pounds  of  lime, 

.19 

55.6 

13.6 

42.0 

2-00 

.35 

5.11 

.23 

.50 

10.176 

50 
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Sewage  treated  with  500  Pounds  of  Copperas  and  Different  Amounts  of  Lime^ 

Oct.  11,  1889. 

Scale; 


8caU». 
LiOSfl  on  ignition,     . 
Albuminoid  ammonia,    . 

Turbidity 

AlkaUniiy,       .       .       .       , 

SO 


10  = 

10       parts. 

10  = 

0.10  part. 

10  = 

0.10 

10  = 

0.10 

Add  nnmber,  .       .       .       • 

Bacteria, 

Cost  of  cbemicaU,  . 
nnally  for  each  inhabitant. 


10=  0.10 
10  =  100,000, 
10  =  10  cents  an- 


Pounds  of  lime  dnd 50lf  Foanc/s 
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Results  of  the  Treatment  of  Seioage  with  1,000  Pounds  of  Copperas  and  Different 
Amounts  of  Lime  {Oct.  16, 1389). 

[ParU  per  100,000.] 


9 

H 

73 

I 

1 
g 

1 

2 

i 

i 

a 

ll 
< 

d 

si 

BO, 

< 

c 
< 

Original  sewage, 

.65 

52.8 

29.2 

2S.6 

1.70 

.94 

... 

-.05     .27 

Filtered  throtigh  paper, 

- 

47.6 

22.4 

25.2 

1.75 

.66 

- 

1 

After  settling  1  hoar 

.45 

40.2 

26.2 

24.0 

1.70 

.75 

4.25 

-.05     .27 

Effluent  with  1,000  pounds  of  copperas  per 

1,000,000  gallons  of  sewage,    .... 

.45 

58.0 

28.8 

29.2 

1.70 

.77 

4.27 

-.16     .25 

1 

Efflnent  with  1,000  pounds  of  copperas  and 

1 

400  pounds  of  lime, 

.45 

55.0 

21.6 

33.4 

1.70 

.75 

4.25 

-.06     .M 

Efflnent  with  1,000  pounds  of  copperas  and 

600  pounds  of  lime, 

.18 

48.8 

15.0 

33.8 

1.70 

.39 

4.20 

.00     .$$ 

Effluent  with  1,000  pounds  of  copperas  and 

800  pounds  of  lime 

.12 

44.2 

8.6 

35.6 

1.70 

.33 

4.26 

+.04 

.41 

Efflnent  with  1,000  pounds  of  copperas  and 

1,000  pounds  of  lime,        .        .       .       .    -    . 

.11 

40.8 

10.0 

36.8 

1.75 

.36 

4.26 

.10  '  .46 

Effluent  with  1,000  pounds  of  copperas  and 

2.000  pounds  of  lime, 

.23 

54.8 

11.2 

43.6 

1.75 

.33 

4.2» 

.19     .40 

1 

s     • 
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Sewage  treated  wUh  IfiOO  Founds  of  Copperas  and  Different  Amounts  of 
Lime,  Oct.  16,  1889. 

ScaUt. 


SeaUs. 
Lora  on  Ignition,     . 
Albnininold  ammonia,    . 
Turbidity, 
Alkattnity,       . 


10  =  10      parts. 
10=  0.10  part. 
10=  0.10 
10=   0.10 


Acid  number,  .       .       .       . 
Coat  of  cbemlcala,  . 
nually  for  each  inhabitant. 


10=  0.10 

10  ss  10  cents  an- 


/o 


Preci^  vt^fi  d  wfth  4  00. 


m   800  WOO  iOOO 

Pounds  of  Lime  and    /OOO/hs  of 
Copperas  per  f.OOO.ooa^al5^ 
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These  two  series  show  clearly,  that,  when  copperas  is  added  to 
sewage  alone,  no  precipitation  takes  place,  and  the  result  is  no 
better  than  when  sewage  settles  alone.  The  addition  of  enough 
lime  to  combine  with  the  excess  of  carbonic  acid  over  the  amount 
required  to  form  bi-carbonates,  and  to  combine  with  the  sulpharic 
acid  of  the  copperas,  is  necessary  for  precipitation;  for,  while 
sewage  is  alkaline,  its  alkali  is  all  in  the  form  of  bi-carbonate,  and 
alkali  as  normal  carbonate  or  hydrate  is  required  to  precipitate  the 
iron.  When  this  amount  is  added,  the  acid  number  with  phenol- 
phthalein  will  be  zero.  To  insure  a  rapid  action,  a  little  more  than 
this  should  be  added.  The  amount  of  lime  to  be  used  may  be  cal- 
culated as  follows  :  To  the  negative  acid  number  add  as  many  hun- 
dredths as  there  are  to  be  used  hundred  pounds  of  copperas,  and 
six  hundredths  in  addition,  and  the  sum  is  the  equivalent  of  the  lime 
to  be  used.  Thus,  October  18,  the  sewage  had  an  acid  number, 
— .05.  To  obtain  the  best  result  with  1,000  pounds  of  copperas, 
the  foi-mula  requires  lime  equivalent  to  .05H-.10+.06=.21,  or  700 
pounds.     The  best  result  was  actually  obtained  with  800  pounds. 

No  better  result  is  obtained  when  more  lime  is  used.  If  much 
less  is  used,  the  iron  will  not  be  precipitated,  and  the  result  will  be 
the  same  as  if  the  sewage  had  been  settled  without  chemicals. 

The  test  with  phenolphthalein  shows  instantly  whether  enough 
lime  has  been  added,  and  it  can  be  used  by  any  one.  It  consists  of 
adding  a  few  drops  of  a  solution  of  phenolphthalein  in  alcohol  to  a 
portion  of  sewage  in  a  small  dish.  If  enough  lime  is  present,  it  Tvill 
be  turned  blood  red,  while,  if  enough  lime  is  not  present,  it  will 
remain  uncolored.  The  smallest  amount  of  lime  which  will  give  the 
reaction  gives  as  satisfactory  a  result  as  a  larger  quantity. 

This  reaction  is  equally  useful  in  the  precipitation  by  lime  of  acid 
sewage  containing  iron  from  manufacturing  waste.  In  this  case,  the 
copperas  is  carried  by  the  sewage,  and  the  addition  of  lime  is  required 
to  neutralize  the  acid  and  precipitate  the  iron,  thus  rendering  it 
available.  For  this  reason  the  conditions  of  successful  precipitation 
of  such  sewage,  and  the  results  obtained,  correspond  with  the  cop- 
peras treatment  rather  than  with  the  lime  treatment.  But  in  case 
the  sewage  contained  no  iron  in  solution,  the  phenolphthalein  reac- 
tion is  obtained  long  before  enough  lime  has  been  added  ;  and  to  get 
the  best  results,  the  quantity  of  lime  must  be  regulated  as  has  been 
described  on  page  758. 
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To  determine  the  effect  of  different  amounts  of  copperas ,  when 
used  with  the  proper  amount  of  lime,  as  determined  by  the  reaction 
with  phenolphthalein,  the  following  experiments  were  made :  —    • 
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Results  of  the  Treatment  of  Sewage  tvUh  Different  Amounts  of  Copperas  and  Cor- 
responding  Amounts  of  Lime  (Oct,  18 ^  1889), 

[ParU  per  100,000.] 


1 

i 

§ 

1 

3 

il 

1 

0  A 

i 

< 

Original  Mwsgc, 

.60 

44.8 

21.2 

23.6 

1.00 

.67 

4.94 

-.10 

.26'S22,M0 

Filtered  throngb  paper, 

- 

40.0 

16.0 

24.0 

2.00 

.40 

- 

- 

- 

- 

After  setUing  1  boar 

.86 

46.0 

18.8 

26.2 

1.00 

.46 

4.96 

-.06 

.26 

271.400 

Efflaent  with  100  ponnde  of  copperas 
and  580  ponnds  of  lime  per  l»«)b,000 
gallons  lewage, 

.28 

61.4 

20.8 

80.6 

1.00 

.48 

4.95 

+.06 

.41 

20,620 

Bffloent  with  200  poanda  of  copperas 
and  680  pounds  of  lime,     . 

.26 

49.2 

16.8 

82.4 

1.86 

.42 

4.96 

.06 

.« 

16,U0 

Efflaent  with  400  pounds  of  copperas 
and  630  pounds  of  lime,     . 

.20 

47.8 

16.6 

32.2 

1.00 

.40 

4.91 

.06 

.40 

7,370 

Effluent  with  700  pounds  of  copperas 
and  720  pounds  of  lime,     . 

.16 

46.8 

12.2 

33.6 

1.00 

.86 

4.87 

.06 

.40 

9,aM 

Effluent  with  1,000  pounds  of  copperas 
and  800  pounds  of  lime,    . 

.16 

47.6 

12.0 

36.6 

2.00 

.20 

4.87 

.07 

.40 

fl^KS 

Effluent  with  2,000  pounds  of  copperas 
and  1,100  pounds  of  lime,  . 

.10 

49.2 

10.6 

38.6 

2.00 

.27 

4.82- 

.07 

.90 

1^ 
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Bew€ige  treated  ivith  Different  Amounts  of  Copperas  and  Corresponding  Amounts 

of  Lime,  Oct.  18, 1889. 

Scales. 


Scales. 
Lou  on  ignition,     . 
Albuminoid  ammonia,   . 
Turbidity,       .       .       .       , 
Alkalinity,      .       .       .       , 


10=  0.10 
10  =  100.000. 
10  ss  10  cents  an- 


7^       mo    Pounds  Copperas       ZQOQ 
7i0       eoo    Pounds  Lime  fOOQ 
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The  diagram  shows  that,  with  increased  amounts  of  copperas,  the 
effluent  was  regularly  better,  but  nearly  all  the  advantage  was 
obtained  with  half  a  ton.  One  hundred  pounds  of  copperas  gave 
a  result  very  slightly  better  than  sewage  settled  alone. 

Five  hundred  pounds  of  lime  were  used  to  combine  with  the  car- 
bonic acid,  leaving  a  slight  excess  of  lime.  That  the  amount  of 
lime  used  more  than  this  was  almost  exactly  equal  to  the  sulphuric 
acid  of  the  copperas,  is  shown  by  the  acid  number  and  alkalinity 
remaining  so  nearly  constant. 

In  all  of  these  experiments  the  sewage  were  first  thoroughly  mixed 
with  the  lime  water,  and  then  the  copperas  added. 

To  see  if  a  better  result  could  be  obtained  by  mixing  the  sewage 
with  the  copperas  first,  and  then  adding  the  lime,  or  if  as  good  a 
result  could  be  obtained  by  precipitating  the  copperas  with  lime, 
and  adding  the  precipitated  ferrous  hydrate  to  the  sewage,  the  fol- 
lowing experiments  were  made  :  — 

Results  of  the  Treatment  of  Sewage  vnth  the  Same  Amounts  of  Copperas  and  Lime 
in  Different  Ways  {Oct,  22 ^  1889.) 

[Part*  per  100,000.] 


t 

H 

1 

1 

1 

a 
< 

1 

ii 

2i 

I 

U 

Original  eewage, 

.60 

46.2 

23.8 

22.4 

1.90 

.66 

4.93 

.26 

507,WC 

Filtered  through  paper,   .... 

- 

39.2 

17.0 

22.2 

1.90 

.45 

- 

- 

- 

- 

After  setUing  1  hour 

.45 

42.2 

21.0 

21.2 

1.70 

.62 

4.92 

- 

.26 

42S.400 

Effluent  with  500  pouods  of  copperas 
and  650  pounds  of  lime,  per  1,000,000 

gallons  of  sewage:  copperas  Arst, 

.35 

52.4 

19.2 

8S.2 

1.76 

.45 

4.87 

.07 

.42 

15.930 

Lime  first,.       ....       .       . 

.22 

42.4 

12.6 

29.8 

1.90 

.40 

4.91 

.06 

.41 

15,900 

Effluent  with  1,000  pounds  of  copperas 

and  300  pounds  of   lime;   lime  and 

copperas  together,         .... 

.85 

46.2 

16.6 

29.6 

1.90 

.46 

4.91 

- 

.20 

9.4T8 

Effluent  with  1,000  pounds  of  copperas 

and  800  pounds  of  lime;   lime  and 

copperas  together,         .... 

.35 

49.0 

14.2 

84.8 

1.90 

.36 

4.94 

.07 

.41 

12,571 

Copperas  first, 

.19 

44.4 

10.8 

33.6 

1.90 

.26 

4.94 

.08 

.41 

9JM 

Lime  first 

.17 

44.8 

11.2 

^.4 

1.90 

.27 

4.96 

.06 

.38 

10,4m 

In  the  two  experiments,  with  500  pounds  of  copperas  and  an 
equivalent  of  lime,  the  best  result  was  obtained  when  the  sewage 
was  first  mixed  with  the  lime,  i.e.,  in  the  way  the  preceding  series 
had  been  made.  With  1,000  pounds  of  copperas  the  difference 
between  these  two  ways  of  mixing  was  insignificant.  When  the 
copperas  was  precipitated  by  lime  before  adding  it  to  the  sewage, 
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the  rosult  was  unsatisfactory,  both  when  the  amount  of  lime  used 
was  the  same  as  in  other  experiments,  and  vhen  only  enough  was 
used  to  combine  with  the  sulphuric  acid  of  the  copperas*.  We  may 
conclude,  then,  that  neither  of  these  ways  of  mixing  is  more  advan- 
tageous than  that  which  was  used  for  the  preceding  experim'ents. 

In  the  following  table  are  given  those  results  with  500  and  1,000 
pounds  of  copperas,  where  the  lime  was  best  adjusted  to  the  cop- 
peras, and  also  of  the  last  series,  on  October  22,  when  the  lime  was 
first  mixed  with  the  sewage  :  — 

Results  of  the  Treatment  of  Sewage  vnth  about  600  Pounds  of  Copperas  per 
l^OOOfiOO  Gallons ,  and  an  Amount  of  Lime  best  adjusted  to  the  Copperas, 


Oct  11. 


Oct.  18. 


Oct2S.' 


Ayemge. 


Amount  of  coppena  iis«d, 
Amoaat  of  lime  iiMd,     . 


Albuminoid  ammonia,  sewage, 
Remaining  after  filtering  through  paper» 
Remaining  after  precipitation, 


Ijon^  on  Ignition  sewage, 

Remaining  after  Altering  through  paper, 

Remaining  after  precipitation, 

Turbidity  of  sewage, 
Remaining  after  precipitation. 

Bacteria  of  sewage, 
Remaining  after  preoipltatton, 


600 
800 
.79 


25.8 

67 

67 

.60 
30 

176,000 
82 


400 


.67 


600 
660 
.66 


60 
60 

68 
60 

21.2 

76 
73 

23.8 

71 

63 

.60 
.  40 

.60 
36 

822,400 
2 

607,800 
8 

467  pounds. 

603. 

.71  parts  per  100,000. 
61  per  cent. 
53  per  cent. 

23.6  parts. 
71.  per  cent. 
61.  percent. 

.53 

35.  percent. 

335,000. 

12.  per  cent. 


We  have  thus  removed  by  this  treatment  all  of  the  suspended 
organic  matter,  13  per  cent,  of  the  soluble  albuminoid  ammonia,  14 
per  cent,  of  the  soluble  loss  on  ignition,  65  per  cent,  of  the  tur- 
bidity, and  88  per  cent,  of  the  bacteria,  With*  a  "cost  for  chemicals 
of  15.44  per  million  gallons,  or  20  cents  annually  per  inhabitant. 


Besults  of  the   Treatment  of  Sewage  with  1,000  Pounds   of  Copperas  per 
1^000,000  Gallons,  and  an  Amount  of  Lime  best  adjusted  to  the  Copperas,- 


Oct,  18. 


Oct.  22. 


Average. 


Amount  of  copperas  used,     . 
Amount  of  lime  used,     .        .       . 

Albuminoid  ammonia  sewage. 
Remaining  after  filtering  through  paper. 
Remaining  after  precipitation,       . 

Loss  on  ignition  sewage, 

Remaining  after  filterlnf  through  paper. 

Remaining  after  precipitation. 

Turbidity  of  sewage,      .       .       • 
Remaining  after  precipitation,      . 

Bacteria  of  sewage, .... 
liemalning  after  precipitation. 


1,000 
800 

.04 
70. 
85. 

29.2 

77. 

30. 


18. 


.66 


1,000 
800 


.67 
60. 


21.2 

76. 

67. 


.60 
80. 

322,400 
2  per  cent. 


1,000 
800 

.66 
68. 
41. 

23.8 

71. 

47. 

.60 
28. 

607,800 
2  per  cent. 


1.000  lbs. 
800  lbs. 

.76  parts  per  100,000. 
66  per  cent. 
40  per  cent. 

24.7  parts. 
74.  per  cent. 
45.  per  cent. 

.68 
25.  per  cent. 

415,000 
2.  per  cent. 
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We  have  thus  removed,  by  this  treatment,  all  of  the  suspended 
organic  matter,  39  yer  cent,  of  the  soluble  albuminoid  ammonia, 
39  per  cent,  of  the  soluble  loss  on  ignition,  75  per  cent,  of  the 
turbidity,  and  98  per  cent,  of  the  bacteria,  with  a  cost  for  chemicals 
of  18.60  per  million  gallons,  or  31  cents  per  inhabitant  annually. 

Precipitation  with  Ferric  Salts. 

Ferric  salts  have  the  advantage  over  ferrous  salts,  in  that  ferric 
hydroxide  is  more  readily  precipitated  and  more  completely  insol- 
uble than  ferrous  hydroxide. 

The  following  experiments  were  made  to  determine  whether  it  is 
necessary  to  add  lime  to  obtain  the  best  results  with  ferric  salts,  and, 
if  so,  how  much  should  be  used ;  and  also  to  find  the  effect  of  dif- 
ferent amounts  of  ferric  oxide. 

The  salt  used  for  these  experiments  was  ferric  sulphate,  but  there 
is  every  reason  to  suppose  that  exactly  the  same  results  would  be 
obtained  with  ferric  chloride  containing  an  equal  amount  of  iron. 

Results  of  the  Treatment  of  Sewage  with  Different  Amounts  of  Feme  Sulphoit 
and  Lime  {Nov,  5, 1889), 


1 

i 

1 

§ 
1 

1 

i 

1 

a 

< 

M 

9  S 

£S 

-< 

« 

1 

11 

•< 

1 

< 

ij 

Original  lewage,    .•••••. 

.50 

45.2 

22.8 

22.4 

1.75 

.57 

4.70 

— 04 

.29  218,M} 

) 

Filtered  through  paper,        •       •       •       •       • 

- 

38.2 

16.0 

22.2 

1.60 

.32 

- 

- 

After  settling  1  hoar, 

.40 

43.4 

20.6 

22.8 

1.60 

.42 

4.69 

—.04 

1 
.29,132,490 

Effluent  with  200  pounds  of  ferric  oxide  per 
1,000,000  gallons  of  sewage,       .... 

.18 

4(^,6 

14.8 

25.8 

1.65 

.26 

4.89 

-.06    .20    3fi,442 

Effluent  with  200  pounds  of  ferric  oxide  and 
400  pounds  of  lime, 

.16 

43.6 

18.2 

30.4 

1.65 

.23 

4.01 

.00    .31 '  48.03 

Effluent  with  200  pounds  of  ferric  oxide  and 
800  pounds  of  lime, 

.09 

47.6 

12.2 

35.4 

1.65 

.22 

4.91 

-f.07|.39    22,0(rt 

1 

Effluent  with  400  pounds  of  ferric  oxide,   . 

.09 

34.8 

8.0 

26.8 

1.50 

.19 

5.11 

-.12    .11 '    6,'JK 

Effluent  with  400  pounds  of  ferric  oxide  and 
&00  pounds  of  llmo 

.09 

37.8 

8.6 

29.2 

1.65 

.17 

5.09 

-.05    .23,    9,S00 

Effluent  with  400  pounds  of  ferric  oxide  and 
1,000  pounds  of  lime, 

.08 

47.4 

0.6 

37.8 

1.65 

.17 

6.11 

+.02   .83     S,9tt 

1 . 
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Sewage  treated  with  200  Pounds  Ferric  Oxide  as  Sulphate  and  Different  AmourUs 

of  Lime,  Nov,  5, 1889. 
Scales.  Scaled. 


Losa  on  IgniUon,     . 
Albuml&old  ammonia, 
Tnrbidlty, 
ALkaUoity,      . 


10  = 

10       parts. 

10  = 

0.10  part. 

10  = 

0.10 

10  = 

0.10 

Add  nnmberi .       .       .       . 

Bacteria 

OoBt  of  chemicals,  . 
Dually  for  each  inhabitant. 


10=  0.10 
10  =  100,000. 
10  =  10  cents  an- 


iOOLbs. 
tif-\^  ^  Ferric  oxide 
^fid   400  600  lh$. 

Lime 
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BesuUi  of  the  Treatment  of  Sewage  with  Different  Amounts  of  Ferric  Sulphate 
and  Lime  (Nov.  S,  1889.) 


i 


4 


^1 

Op. 

OPUC 

< 


Si 


Original  sewage,    . 
Filtered  through  paper, 

After  aettling  1  hoari 


.50 


Effluent  with  400  pounds  of  ferric  oxide  per 
1,000,000  gallons  of  sewage,       .        .       .       . 


.09 


Effluent  with  400  pounds  of  ferric  oxide  and 
500  pounds  of  lime, 


Effluent  with  400  pounds  of  ferric  oxide  and 
1,000  pounds  of  lime, 


.09 


45.2 
88.2 

4S.4 

31^ 

87.8 

47.4 


16.0 


20.6 


8.0 


8.6 


0.6 


22.4 
22.2 

28.8 

S6.8 

29.2 

37.8 


1.76 
1.50 

1.50 

1.50 

1.65 

1.66 


4.70 


4.60 


6.11 


6.09 


6.11 


—.01 


—.12 


—.05 


.11 


+J02  1.23 


213,980 
132,480 

8,940 
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Sewage  treated  with  400  Pounds  Ferric  Oxide  as  Sulphate  and  Different  Amounts 

of  Lime,  Nov.  5, 1889. 

ScaUi. 


Scale: 
Loss  on  Ignition,     . 
Albamlnold  ammonlat   . 

Turbidity 

AlkaJlnlty,      .       .       .       . 

60 


10  = 

10 

parts. 

10  = 

0.10 

part. 

10  = 

0.10 

10  =s 

0.10 

Add  number,  .       . 

Bacteria 

Coat  of  chemicals,  . 
noally  for  each  inhablunt. 


10=  0.10 
10  =  100,000. 
10  rs  10  cents  an. 


40DLbs. 
1000  Lbs 
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Results  of  the  Treatment  of  Sewage  toiih  Different  Amounts  of  Ferric  SulpMe 
and  with  Ferric  Sulphate  and  Lime  (Nov,  6, 1889). 


1 

1 

§ 

1 

1 

i 

1 

0  Qi 

-< 

£ 

< 

52 

Original  sewage 

.45 

45.2 

22.4 

22.8 

2.10 

.62 

4.60 

- 

.28 

1,898,600 

Flllcred  through  paper, 

- 

37.2 

16.8 

20.4 

2.10 

36 

- 

- 

- 

- 

After  settling  1  hour 

.30 

42.4 

10.6 

22.8 

2.00 

.39 

4.59 

- 

.28 

ore^coo 

Effluent  with  100  pounds  of  ferric  oxide  to 
1,000,000  gallons  of  sewage 

.28 

47.6 

22.2 

25.4 

2.00 

.46 

4.61 

- 

.23 

223,432 

Effluent  with  200  pounds  of  ferric  oxide. 

.19 

42.6 

17.2 

25.4 

2.10 

.81 

4.71 

- 

.19 

204,«8 

Effluent  with  300  pounds  of  ferric  oxide, 

.00 

36.6 

13.4 

23.2 

2.10 

.19 

4.85 

- 

.14 

130,11S 

Effluent  with  400  pounds  of  ferric  oxide,       • 

.06 

36.8 

©.6 

27.2 

2.00 

.17 

4.91 

_ 

.00 

66.SS8 

Effluent  with  300  pounds  of  ferric  oxide  and 
1,000   pounds  of   lime;    lime  mixed  with 
sewage  first 

.05 

42.4 

10.6 

31.8 

2.00 

.21 

4.00 

.06 

.37 

176,904 

Effluent  with  300  pounds  of  ferric  oxide  and 
1,000  pounds  of  lime;    ferric  oxide  mixed 
with  sewage  first, 

.16 

48.2 

12.0 

36.2 

2.00 

24 

4.76 

.06 

.39 

46.445 
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Sewage  treated  wUh  Different  Amounts  of  Ferric  Sulphate,  Nov.  6y  1889- 


Scale; 

Lt088  on  ignition,     .       .       .       10  =  10       parts. 
AlbamlDoid  ammoola,   .        •       10=   0.10  part. 


Turtidlty, 


10  s   0.10. 


Scale$, 
Alkalinity,      •       .       .       . 

Bacteria, 

Cost  of  cheroicalB,  . 
naally  for  each  iDhabitant. 


10=  0.10. 
10  =  100,000. 
10  =  10  cents  a 


Prec/pitdted  mthlOD  200  300         400 

Pounds  of  Ferric  oxide  per  /ftOOftOO  (jah. 
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From  these  experiments  it  appears  that  the  influence  of  lime  on  the 
result  is  very  small.  On  November  5,  with  200  pounds  ferric  oxide, 
the  result  was  slightly  better  when  lime  was  used ;  but  the  improve- 
ment does  not  correspond  with  the  increased  cost.  With  400  pounds 
of  ferric  oxide,  the  lime  had  almost  no  influence.  On  November  6, 
with  300  pounds  ferric  oxide,  no  better  result  was  obtained  by 
mixing  the  sewage  with  1,000  pounds  of  lime  before  adding  the 
ferric  sulphate.  When  the  lime  was  added  to  the  sewage  after  the 
ferric  sulphate,  the  result  was  not  quite  so  good  as  when  no  lime 
was  used. 

These  results  show  that,  while  ferrous  salts  are  only  precipitated 
by  normal  carbonates  or  hydrates,  ferric  salts  are  also  precipitated 
by  bi-carbonates,  and  in  presence  of  free  carbonic  acid.  For  this 
reason,  the  reaction  with  phenolj^thalein,  which  proved  to  be  of 
so  much  importance  in  precipitation  with  copperas,  is  of  no  value 
with  ferric  salts,  and  the  addition  of  lime  to  an  ordinary  alkaline 
sewage  is  quite  useless.  The  experiments  of  both  November  5  and  6 
show  that,  as  with  copperas,  the  more  of  the  precipitant  used,  the 
better  is  the  result. 

The  following  table  shows  the  proportion  of  organic  matter  removed 
in  the  different  experiments  in  which  only  ferric  sulphate  was  used :  — 


JResults  of  the  Treaiment  of  Sewctge  vnth  Ferric  Sulphate, 


Datb. 

Nov.  6. 

Nov.  6. 

Nov.  6. 

Not.  6. 

NOT.«. 

Ferric  oxide  used  as  ferric  sulphate, 

200  lbs. 

200  lbs. 

300  lbs. 

400  lbs. 

400  pounds. 

Albuminoid  ammonia  sewage, 
Remaining   after  filtering   through 

paper, 

Remaining  after  precipltotion, 

.67 

56 
45 

.52 

60 
59 

.52 

60 
36 

.57 

56 
S3 

.52  parts  per  160,000. 

69  per  cent. 
33  per  cent. 

Loss  on  ignition,  sewage,  . 
liemalnlng   after   filtering  through 

paper, 

Remaining  after  precipitation, . 

22.8 

70 
65 

22.4 

76 
77 

22.4 

76 
00 

22.8 

70 
85 

22.4  parts. 

76  per  cent. 
43  per  eeoL 

Turbidity  of  sewage, 
Remiiining  after  preclplUtion, . 

.50 
86 

.45 
42 

.45 

13 

.50 
18 

.45 
13  per  cenU 

Bacteria  in  sewage,  per  cubic  cen- 
timeter,     

Remaining  after  precipitation, . 

218,M0 
14 

1,398,600 
14 

1,898,600 
9 

218,060 

1,898.600 
6   percent. 

Suspended  organic  matter  removed, 

Soluble  albumlDold    ammonia    re- 
moved,      

Soluble  loss  on  ignition  removed,    . 

Turbidity  removed,   .... 

Bacteria  removed,      .... 

Cost  per  Inhabitant  annually   for 
chemicals, 

all 

20 

7 

64 

86 

22  cents. 

aU 

15 
0 
58 
86 

22  cents. 

all 

48 
21 
87 
91 

33  cents. 

all 

41 
50 
82 
97 

44  cents. 

all. 

52  per  cent. 

43  per  cent. 
87  per  cent. 
95  per  cent. 

44  cents. 
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Precipitation  with  Aluminum  Salts. 

Aluminum  sulphate  or  crude  alum  is  now  made  for  use  in  the 
dye-house,  for  decolorizing  peaty  waters,  and  for  sewage  precipita- 
tion. Its  action  upon  sewage  is  analogous  to  the  action  of  ferric 
sulphate.  There  is  every  reason  to  suppose  that  aluminum  chloride 
containing  the  same  amount  of  alumina  would  give  exactly  the  same 
results  as  the  sulphate. 

To  determine  whether  lime  could  be  used  advantageously  with 
alum,  and  to  find  the  effect  of  different  amounts  of  alum,  the  follow- 
ing experiments  were  made  :  — 
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Remits  of  the  Treatment  of  Sewage  with  IfiOO  Pounds  of  Alum  to  IfiOO.OOO 
Gallons  and  Different  Amounts  of  Lime  (Oct.  20, 1889) > 


i 

1 

1 

§ 

1 

1 
1 

M 

Free  Ammonia.     1 

Albamlnoid  Am-  1 
monia.                1 

i 

it 

< 

e 

1 

!1 

P 

Oiiglnal  sewage 

2.00 

89.2 

30.4 

68.8 

.85 

.67 

3.79 

—.06  1  .18 

S35,2» 

Filtered  tbrongh  paper, 

- 

66.4 

17.2 

39.2 

.85 

.39 

- 

- 

- 

- 

After  settliDg  1  hoar, 

1.20 

78.2 

23.2 

50.0 

.85 

.41 

3.80 

—.05 

.18 

99i,»} 

EfflaoDt  with  1,000  poands  of  alnm,    . 

.16 

28.4 

8.8 

19.6 

.85 

.16 

8.77 

1 
—.12    .OS      7,300 

EfflueDt  with  1,000  pounds  of   alum    ard  400 
pounds  of  lime, 

.19 

83.2 

7.6 

25.6 

.85 

.16 

3.84 

—.02     .17!  54,290 

• 

EfHuent  with   1,000  pounds  of   alum  and  600 
pounds  of  lime, 

.25 

41.0 

8.6 

82.4 

.85 

.18 

3.86 

+.01 

.22    42,090 

Effluent  with  1,000  pounds  of  alum  and   800 
pounds  of  lime, 

.19 

39.8 

9.0 

30.8 

.85 

.17 

8.91 

.05 

.26    25,S72 

Effluent  with  1,000  pounds  of  alnm  and  1,000 
pounds  of  lime 

.20 

42.8 

9.2 

33.6 

.95 

.16 

4.00 

.10 

.31    J9.2S6 

Effluent  with  1,000  pounds  of  alum  and  2,000 
pounds  of  lime, 

.20 

49.2 

8.8 

40.4 

.95 

.15 

4.09 

.26 

.37         &» 

1 
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Sewage  treated  toith  1,000  Pounds  of  Mum  and  Different  Amounts  of  Lime 

(Oct.  29, 1889). 


acalM. 

ScalM, 

Loss  on  IgnitioDy     . 

10  s;  10       parts. 

Acid  number, .       .              , 

10  a  0.10 

Albuminoid  ammonia,  . 

10=3  0.10  part. 

Bacteria 

10  =  100,000. 

Turbidity,        .... 

10=   0.10 

Coat  of  ohemlcaU,  . 

10  s=  10  oento  an- 

Alkalinity.       .... 

10=   0.10 

nually  for  each  IndlTldual, 

10 


10 


/^a/pil^tedwi/jiOM 


\. 


^r 


10001000  1000  Ibsof/llum      lOOO 
^'1000  lbs  of  lime    £0(fo 
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Besulta  of  tJie  TreatmerU  of  Sewage  with  Different  Amounts  of  Alum  and  Lim 

{Nov,  1,1889). 


1 

i 

1 

1 
§ 

1 

1 

1 

I 

s  = 
s  o 

< 

j 

< 

Vi 

1  li 

Original  sewage, 

.40 

50.0 

27.0 

23.0 

2.00 

.46 

4.n 

-.06 

1 

Filtered  through  paper, 

- 

88.8 

18.6 

26.2 

1.00 

.82 

- 

1 

After  settling  1  hour,   .... 

.36 

42.8 

22.4 

20.4 

1.00 

.43 

4.78 

-.04 

.28    3r,s« 

Bfflaent  with  500  pounds  of  alnm  per 
1,000,000  gallons  sewage,  . 

.13 

87.4 

14.2 

28.1 

1.00 

.20 

4.78 

-.08 

.23    ii.:« 

Bfflnent  with  600  pounds  of  alom  and 
400  pounds  of  lime,    .... 

.16 

44.2 

16.2 

20.0 

1.00 

.81 

4.77 

-.01 

.«    .:> 

Bfflaent  with  600  pounds  of  alum  and 
800  pounds  of  lime,    .... 

.08 

61.6 

14.0 

87.6 

1.00 

.27 

4.77 

+.08 

.52    ::r""^ 

Bffluent  with  1,000  pounds  of  slum,    . 

.11 

41.2 

18.0 

28.2 

1.00 

.ao 

4.76 

-.12 

.19    s,r)a 

Bfflnent  with  1,000  pounds  of  alum 
and  600  pounds  of  lime,    . 

.08 

4S.4 

14.8 

28.6 

1.80 

.20 

4.76 

-.02 

Ji     :,« 

Bffluent  with  1,000  pounds  of  alum 
and  1,000  pounds  of  lime, 

.04 

50.4 

13.6 

26.8 

1.00 

.21 

4.73 

+.08 

.4*     *,:*■  ■ 

i 
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Sewage  treated  with  Different  Amounts  of  Alum,  Nov,  i,  1889* 


ScaU9. 

XjOM  on  ignlllon,     .       •       .  10  =  10       parts. 

Albuminoid  ammonia,  .        .  10  =s  0.10  part. 

Turbidity 10=  0.10. 

AikaUnity,      .       .       .  10=  0.10. 


ScaU9. 
Add  number,  .       .       .       .       10=  0.10. 

Bacteria, 10  =  100,000. 

Cost  of  obemlcalfl,  .       .       .       10  =  10  cents  an> 
Dually  for  each  inhabitant. 


io 


iO 


30 


20% 


10% 


101. 


Precipitated  witn        b 
■^£idjfumber^g„l'} 


00*  fODi^ 

Pout  \ds  of  Plumper  (000,000  ^ak . 

'L  i^lein 
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These  experiments  indicate  that,  as  with  ferric  sulphate,  lime  has 
little  or  no  effect.  With  lime  the  precipitation  is  a  little  more  rapid, 
but  the  short  time  gained  by  its  use  would  hardly  compensate  for 
the  extra  cost. 

The  result  with  1,000  pounds  to  the  1,000,000  gallons  is,  on  the 
whole,  somewhat  better  than  with  500  pounds,  but  the  difference  is 
much  less  marked  than  with  corresponding  quantities  of  copperas  or 
ferric  sulphate. 

The  results  of  those  experiments  in  which  alum  only  was  used  are 
as  follows :  — 


Results  of  the  Treatment  of  Sewage  toUh  Alum, 


Nov.  1. 


Oct  29. 


Nov.  1. 


Average. 


Alum  used  per  1,000,000  gallons, 

Albuminoid  ammonia  sewage,     . 
Uemoining  after  filtering  through  paper, 
Keraalnlng  after  precipitation,     . 

Loss  on  ignition,  sewage,      .       •       . 
liemaining  after  filtering  through  paper. 
Remaining  after  precipitation,     • 

Turbidity  of  sewage. 

Remaining  after  predpltatton,     .       » 

Bacteria  in  sewage  per  cnbic  centimeter. 
Remaining  after  precipitation, 
Suspended  organic  matter  removed,    . 
Soluble  albuminoid  ammonia  removed, 
Soluble  loss  on  ignition  removed, 

Turbidity, 

Bacteria, 

Cost  for  chemicals  per  1,000,000  gallons. 
Cost  for  chemicals  per  inhabitant  annually, 


600  lbs. 

.45 
71. 
61. 

27.0 
60. 


.40 
82. 

361,828 
8. 
nearly  all 
10. 
.0 


97. 
$6.25 


1,000  lbs. 

.67 
58. 
24. 

80.4 
56. 


2.00 
7. 

885,200 
1. 
all 
60. 
48. 
98. 
99. 


1,000  lbs. 

.45 

71. 


27.0 

60. 

66. 

.40 
27. 

361,828 
17. 
nearly  all 
88. 

.0 
73. 


with  1,000  lbs. 

.66  parts  per  100,000. 
64.  per  cent. 
84.  percent. 

28.7  parts. 
58.  per  cent 
47.  per  cent 

1.20. 

17.  per  cent. 

598,264. 

0.  per  cent. 

47.  percent 
24.  per  cent 
68.  per  cent. 

01.  percent. 
$12.50. 
0.45. 


Comparison  of  the   Different  Precipitants. 

The  foregoing  experiments  indicate  that  a  certain  definite  amount 
of  lime  gives  as  good  or  a  better  result  than  either  more  or  less; 
and  that,  in  general,  the  more  copperas,  ferric  sulphate  or  alum 
used,  the  better  the  result ;  and  that  ferric  sulphate  and  alum  usually 
require  no  lime  for  complete  precipitation,  while  with  copperas  a 
definite  amount  of  lime  must  be  used. 

It  now  remains  to  compare  the  results  obtained  with  the  best 
amount  of  lime,  and  with  equal  value  of  the  other  chemicals,  upon 
the  same  sample  of  sewage  when  used  under  the  most  favorable 
conditions. 

Two  series  of  experiments  were  made  in  this  way,  with  the  fol- 
lowing results :  — 
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liesttUs  of  Treatment  of  Sewage  with  Equal  Values  of  Different  Chemicals 

{Nov.  22, 1889). 


§ 

3' 

1 

1 

1 
1 

1 

1 
5 

8 
9 

1 

i 

a 

< 

s 
1 

5| 
U 

09 

Original  sewage, 

_ 

.40 

43.0 

18.0 

25.0 

1.25 

.40 

4.86 

26,840    20,700 

Filtered  through  paper, 

- 

- 

34.8 

11.2 

23.6 

1.25 

.26 

- 

- 

After  settling  1  hoar,     .... 

.0 

.30 

38.8 

13.6 

25.2 

1.25 

.28 

4.82 

10,920 

16,700 

Effluent  with  1,800  pounds  of  lime  per 
1,UUO,000  gallons  of  sewage. 

$.80 

.08 

45.6 

10.2 

35.4 

1.25 

.19 

4.83 

1,911 

1,650 

EfBuent  with  1,000  pounds  of  copperas 
and  700  pounds  of  lime, 

.30 

.12 

46.4 

9.2 

37.2 

1.25 

.17 

4.80 

16.044 

400 

Effluent  with  SiOponndsof  ferric  oxide. 

.30 

.08 

38.0 

8.0 

30.0 

1.25 

.18 

4.92 

2,047 

1,000 

Effluent  with  650  pounds  of  alum. 

.30 

.10 

84.4 

8.0 

26.4 

1.50 

.19 

4.88 

2,475 

3,700 

Effluent  with  380  pounds  of  ferric  oxide. 

.40 

.07 

37.6 

5.8 

31.8 

1.25 

.15 

4.96 

1,980 

1,000 

Effluent  with  870  pounds  of  alum, 

.40 

.09 

88.2 

9.6 

28.6 

1.25 

.19 

4.81 

1,800 

2,200 

The  Same  Experiments  repeated  Nov.  26, 1889. 

1 

1 
5 

4 
1 

1 

1 
S 
J 

u« 

A 

B 
< 

1 

Is 

i 

II 

s  o, 

1 
< 

Original  sewage, 

Filtered  through  paper,     .... 

After  settling  1  hour, 

Effluent  with  1,800  pounds  of  lime, . 

Effluent  with  1,000  pounds  of  copperas 
and  700  pounds  of  lime, .... 

Effluent  with  270  pounds  of  ferric  oxide. 

Effluent  with  650  pounds  of  alum,    . 

Effluent  with  860  pounds  of  ferric  oxide, . 

Effluent  with  870  pounds  of  alum,    . 

.0 

$0.80 

.30 
.30 
.30 
.40 
.40 

.50 

.35 

.13 

.15 
.09 
.11 
.09 
.12 

53.8 
43.2 

49.2 

54.8 

54.8 

46.0 
43.2 
45.6 
47.2 

20.4 
13.6 

18.0 

14.8 

10.4 
10.0 
9.6 
8.0 
10.0 

33.4 
29.6 

31.2 

40.0 

44.4 
36.0 
33.6 
37.6 
37.2 

1.65 
1.75 

1.75 

1.60 

1.65 
1.65 
1.65 
1.60 
1.65 

.50 
.29 

.44 

.24 

.22 
.19 
.25 
.17 
.20 

8.40 

8.44 

7.47 

8.01 
8.42 
8.36 
8.43 
8.32 

-.06 

• 
.29 

.06 

.30 

.29 

.46 

.40 
.17 
.23 
.13 
.20 

*  Per  Inhabitant  annually. 
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7%e  Per  Cent,  of  Soluble  Organic  Matter  removed  by  Chemicals  of  Equal  Value. 


Foarr  Crrrs. 

CHEMICALS  USED. 

1 

m 

3 

s 

1       00 

i 

u 

a 

a 

'      «2 

it 

< 

r  Nov.  22.  .        .        . 

27 

35 

81 

27 

42 

27 

Soluble  albuminoid  Ammonia 
removed. 

-j   Nov.  26,   . 

17 

24 

84 

14 

41 

31 

[  Average, . 

22 

29 

32 

20 

41 

29 

f  Nov.  22,    . 

9 

18 

29 

29 

48 

14 

Soluble    loss     on     ignition 
removed. 

Nov.  26,   . 

0 

24 

26 

30 

41 

as 

I  Average,  . 

4 

21 

28 

80 

45 

tt 

f  Nov.  22,   . 

80 

70 

80 

75 

88 

78 

Turbidity  removed. 

-    Nov.  26,   . 

74 

70 

82 

78 

82 

76 

Average, . 

77 

70 

81 

77 

83 

77 

Bacteria  removed,  Nov.  22, . 

.        .       . 

OS 

38 

92 

91 

93 

« 

Toast  removed,  Nov.  22, 

.       .       . 

g2 

98 

95 

82 

95 

90 

If  we  take  the  percentage  of  albuminoid  ammonia  removed  to 
represent  organic  matter,  we  find  that,  in  addition  to  all  the  sus- 
pended matter,  the  following  amounts  of  soluble  organic  matter 
have  been  removed  :  — 


Soluble  Organic  Matter  removed  by  Chemicals  at  Different  Costs. 

With  lime  costing  30  cents  per  inhabitant,  annually,        ,  22  per  cent 

With  copperas  and  lime  costing  30  cents,  ....        .  29  per  cent 

With  ferric  sulphate  costing  30  cents,        ....  82  per  cent 

With  aluminum  sulphate  costing  30  cents,         ...  20  per  cent 

With  ferric  sulphate  costing  40  cents,        ....  41  per  cent 

With  aluminum  sulphate  costing  40  cents,         ...  29  per  cent 

The  earlier  results  of  October  and  November,  expressed  in  the 
same  way,  are  as  follows  :  — 


With  lime  costing  27  cents  per  inhabitant,  annually, 
With  copperas  and  lime  costing  20  cents,  . 
With  copperas  and  lime  costing  31  cents,  . 
With  ferric  sulphate  costing  22  cents. 
With  feme  sulphate  costing  33  cents. 
With  ferric  sulphate  costing  44  cents. 
With  aluminum  sulphate  costing  33  cents. 
With  aluminum  sulphate  costing  45  cents. 
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These  earlier  results,  while  agreeing  with  the  others  in  the  main, 
and  confirming  them,  cannot  be  compared  with  each  other  as  can  the 
later  ones,  for  each  of  these  was  obtained  on  different  samples  of 
sewage,  while  in  the  later  series  the  same  samples  of  sewage  served 
for  each  process. 

The  proportion  of  organic  matter  removed,  as  indicated  by  the 
loss  on  ignition,  usually  agrees  fairly  well  with  that  obtained  from 
the  albuminoid  ammonia ;  but  the  results  are  not  regarded  as  so 
sure  an  indication  of  purification  as  is  the  albuminoid  ammonia. 
By  far  the  greatest  difference  was  with  lime,  where  22  per  cent,  of 
the  soluble  albuminoid  ammonia  was  removed,  and  only  4  per  cent, 
of  the  soluble  loss  on  ignition. 

The  Comparative  Advantages  of  the  Different  Precipitants. 

The  removal  of  bacteria  is  due  in  part  to  the  mechanical  action  of 
the  precipitate  carrying  them  down,  and  in  part  to  the  chemical 
action  of  the  precipitant  in  killing  them.  In  the  latter  case,  even 
if  the  bodies  remain,  they  are  not  counted,  for  dead  bacteria  do  not 
affect  the  method  of  determination  used. 

The  yeast,  on  the  other  hand,  is  a  measure  of  the  completeness 
with  which  exceedingly  small  insoluble  bodies  are  removed  from  the 
sewage ;  for,  even  if  killed,  the  dead  yeast  cells  are  nevertheless 
counted  as  well  as  the  living  ones  by  the  microscope.  It  will  be 
seen,  from  the  few  series  in  which  the  yeast  cells  have  been  counted, 
that  the  yeast  is  never  completely  removed.  This  indicates,  as  does 
the  turbidity,  that  a  small  amount  of  suspended  matter  is  always 
left.  This  suspended  matter  consists  largely  of  minute  particles  of 
the  precipitate,  which  have  either  escaped  the  first  rapid  settling, 
or  have  been  precipitated  after  it.  The  particles  are  usually 
present  in  only  small  amounts,  and  when  the  effluent  is  so  clear 
that  a  pin  can  be  seen  through  a  foot  or  more  of  it,  as  is  the  case 
in  a  successful  experiment,  they  cannot  be  regarded  as  of  any 
practical  importance.  The  color  of  the  efiluent  is,  however,  affected 
by  them  in  a  marked  manner.  When  alum  is  used,  the  particles 
are  white  and  almost  invisible,  while  if  copperas  is  used  they  are 
greenish,  turning  red  on  exposure  to  the  air,  and  with  ferric  sulphate 
they  are  red  from  the  first.  These  particles  of  ferric  hydroxide, 
too  small  to  be  seen  individually,  give  the  whole  liquid  a  light-red 
color. 

It  does  not  seem  to  me  that  the  slight  color  given  by  the  use  of 
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iron  should  be  considered  an  objection  in  judging  the  merits  of  the 
different  processeso  It  should  be  remembered  that,  when  alum  is 
used,  a  small  portion  of  the  alumina  is  really  present  in  the  effluent, 
but,  being  white,  it  is  not  noticed  as  is  a  corresponding  amouDt 
of  iron. 

The  lime  process  has  little  to  recommend  it.  Owing  to  the  large 
amount  of  lime  water  required,  and  the  difficulty  of  accurately  adjust- 
ing the  lime  to  the  sewage,  very  close  supervision  would* be  required 
to  obtain  a  good  result,  and,  even  then,  the  result  is  inferior  to  that 
obtained  in  other  ways. 

Precipitation  by  copperas  is  also  somewhat  complicated,  owing 
to  the  necessity  of  getting  the  right  amount  of  lime  mixed  with  the 
sewage  before  adding  the  copperas.  When  this  is  done,  a  good 
result  is  obtained.  The  amount  of  iron  left  in  the  effluent  is  much 
greater  than  with  ferric  sulphate,  owing  to  the  greater  solubUity  of 
ferrous  hydroxide. 

Fenic  sulphate  and  alum  have  the  advantage  over  both  lime  and 
copperas,  that  their  addition  in  concentrated  solution  can  be  accu- 
rately controlled,  and  the  success  of  the  operation  does  not  depend 
upon  the  accurate  adjustment  of  lime  or  any  chemical  to  the  sewage. 

The  results  with  ferric  sulphate  have  been,  on  the  whole,  more 
satisfactory  than  those  with  alum.  This  seems  to  be  due  in  part  to 
the  greater  rapidity  with  which  precipitation  takes  place,  and  in 
part  to  the  greater  weight  of  the  precipitate.  It  is  probable,  from 
the  greater  ease  with  which  ferric  sulphate  is  precipitated,  that  it 
would  give  a  good  result  with  a  sewage  that  was  not  sufficiently 
alkaline  to  precipitate  alum  at  once. 

It  is  quite  possible  that  the  same  process  would  not  give  equallj 
good  results  upon  all  kinds  of  sewage.  Special  sewages  may  require 
special  treatment.  For  this  reason,  and  also  on  account  of  change? 
in  the  prices  of  the  several  chemicals,  it  is  impossible  to  say  that 
one  precipitant  is  universally  better  than  another. 

Purity  of  Effluent. 

In  the  later  experiments,  from  25  to  43  per  cent,  of  the  soluble 
organic  matter,  as  shown  by  the  albuminoid  ammonia  and  lesson 
ignition,  was  removed  by  copperas,  ferric  sulphate  or  alum,  costicif 
from  30  to  40  cents  per  inhabitant,  annually.  In  addition  to  this, 
all  of  the  suspended  matter  was  removed. 
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The  average  composition  of  the  sewage  used  for  these  experi- 
ments, and  also  the  average  analysis  of  262  samples  of  sewage,  from 
Nov.  1,  1888,  to  Oct.  31,  1889,  evenly  distributed  throughout  the 
year,  is  as  follows  :  — 

Average  Coniposilion  of  the  Sewage  used. 

Parts  per  100,000. 


In  the 
Experiments. 


For  the  Ycar. 


Turbidlty,     .... 

Loss  on  Ignition,  total, 

In  solution,  filtered,     . 

In  saspension,  difference,     . 

In  suspension. 

Albuminoid  ammonia,  total, 

In  solution,  filtered,     . 

In  suspension,  difference,    . 

In  suspension, 

Free  ammonia,  total,    . 

In  solution,    .... 


.05 

25.4 

16.6 

8.8 

35  per  cent. 

.66 


.27 
41  per  cent. 
1.83 
1.81 


19.1 
12.1 
7.0 

37  per  cent. 
.53 
.267 
.263 
60  per  cent. 
1.82 
1.77 


I 


In  the  sewage  used  for  the  experiments,  41  per  cent,  of  the  organic 
matter,  as  shown  by  the  albuminoid  ammonia,  was  in  suspension, 
while  in  the  year's  sewage  the  proportion  was  50  per  cent.  Let  us 
take  45  per  cent,  as  the  average.  If  we  can  remove  30  per  cent, 
of  the  soluble  organic  matter,  and  all  of  the  suspended,  we  shall 
leave  only  70  per  cent,  of  the  55  per  cent,  soluble  organic  matter, 
or  38  per  cent,  of  the  whole ;  while,  if  we  remove  40  per  cent,  of 
the  soluble  organic  matter,  the  amount  left  will  be  only  33  per  cent, 
of  tlic  whole. 

Of  the  other  substances  present,  the  insoluble  inorganic  matters, 
mainly  sand,  are  removed  almost  completely,  while  the  soluble  salts, 
including  chlorine  and  free  ammonia,  are  not  affected  in  the  least, 
excepting  that  the  acid  of  the  precipitant  remains  in  solution,  in  com- 
bination with  the  alkali  of  the  sewage.  A  very  large  proportion  of 
bacteria  and  of  the  other  organisms  is  removed.  This  is  all  that 
can.be  done  by  chemical  precipitation. 
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Relations  of  Sewage  and  the  Effluexts  fro3i  Chemical  Pre- 
cipitation TO  THE  Growth  of  Bacteria  and  Algjs. 

When  a  nuisance  is  produced  by  sewage  in  any  way,  the  direct  cau>e 
IS  usually  the  development  of  organisms  fed  by  the  organic  matter  and 
nitrogen  compounds  of  the  sewage.  To  secure  the  absence  of  dan- 
isms in  any  pond  or  stream,  where  food  is  present,  is  a  hopeless  ta>k. 
It  thus  happens  that,  while  the  organisms  are  the  real  cause  of  the 
trouble,  their  removal  from  sewage  is  often  of  less  importance  than 
the  removal  of  the  matter  in  the  sewage  on  which  they  feed.  The 
proportion  of  organic  matter  removed  does  not  necessarily  represent 
the  proportion  of  food  for  organisms  removed,  for  some  kinds  of 
organic  matter  are  no  more  suitable  food  for  bacteria  than  is  saw- 
dust for  horses.  An  effluent  from  a  sewage  filter,  where  nitrifica- 
tion is  complete,  containing  2  per  cent,  of  the  total  organic  matter 
of  the  sewage,  will  not  serve  as  food  for  bacteria,  because  it  has  been 
worked  over  already  by  bacteria  in  the  filter,  and  nearly  everything 
available  has  been  removed.  If,  on  the  other  hand,  sewage  is  mixed 
with  fifty  times  its  volume  of  pure  water,  so  that  it  contjiins  the 
same  amount  of  organic  matter  as  the  effluent,  the  bacteria  will 
increase  enormously  for  a  few  days.  From  this  point  of  view,  the 
effluent  is  many  times  purer  than  is  indicated  by  the  ratio  of  its 
organic  matter  to  that  of  the  sewage. 

A\  ith  sewage  precipitation  the  case  is  entirely  different,  for  here 
there  is  no  bacterial  action.  There  is,  however,  some  reason  to  think 
that  the  organic  matter  left  is  not  so  good  a  food,  and  therefore 
not  to  dangerous,  as  that  removed.  Sewage  settled  alone  will  keep 
turbid  with  organisms,  and  in  a  day  or  two  masses  of  zoogloea  (dead 
or  resting  bacteria)  separate  from  it.  Sewage  precipitated  by  either 
copperas,  ferric  sulphate,  or  alum  in  suitable  quantities,  has  repeatedly 
remained  so  clear  that  the  bottom  of  the  barrels  could  be  distinctly 
seen  through  more  than  two  feet  of  liquid,  for  one  or  two  weeks. 
In  these  cases  no  flakes  of  zoogloea  so  characteristic  of  untreated 
sewage  has  been  seen,  and  the  odor  is  much  less  than  that  of  sewage 
alone. 

This  question  of  the  quality  of  the  organic  matter  left  by  precipi- 
tation has  not  been  sufficiently  investigated,  but  the  indications  are, 
that  it  is  more  objectionable  than  the  same  amount  in  the  effluents 
from  sewage  filtration  through  sand,  but  less  objectionable  than  that 
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When  untreated  sewage  is  put  into  a  small  stream  or  pond,  it 
often  happens  that  the  suspended  matters  settle  out,  forming  con- 
siderable deposits,  which,  putrefying  out  of  contact  of  the  air,  give 
rise  to  very  offensive  gases.  It  is  hardly  probable  that  well-pre- 
cipitated sewage  would  do  this,  for  almost  no  suspended  organic 
matter  is  present  when  it  leaves  the  settling  tank,  and  very  little 
soluble  matter  is  precipitated  on  exposure  to  the  air. 

Another  nuisance  which  might  be  caused  b}''  putting  precipitated 
sewage  into  a -stream  or  pond,  is  the  growth  of  algae,  —  green  plants 
fed  by  the  ammonia  of  the  sewage.  It  may  be  said,  however, 
that  this  growth  would  be  no  greater  than  that  caused  by  the  crude 
sewage,  and  probably  not  much  greater  than  that  caused  by  filtered 
sewage ;  for,  in  the  latter  case,  while  the  ammonia  is  removed, 
nearly  an  equivalent  of  nitrate  is  formed,  and  this  serves  as  food 
for  alga3  almost  as  readily  as  ammonia. 

A  number  of  fishes  were  put  into  precipitated  sewage.  In  each 
case  the  fish  died  within  five  minutes.  This  sudden  death  cannot 
b3  due  to  the  chemicals  used,  for  it  was  found  that  the  fi:<hes  lived 
for  a  considerable  time  in  solutions  of  the  chemicals  much  stronger 
than  those  present  in  the  sewagel  The  fishes  died  for  want  of 
air.  Sewage  contains  no  dissolved  oxygen,  and,  if  any  is  absorbed 
from  the  air,  it  is  quickly  taken  up  by  the  organic  matter.  The 
precipitated  sewage  also  contains  no  oxygen. 

Conclusions. 

Using  lime  as  a  precipitant,  we  have  found  that  there  is  a  certain 
definite  amount  of  lime,  depending  upon  the  composition  of  the  sew- 
age, which  gives  a  better  result  than  less,  and  as  good  or  a  better^ 
result  than  more.  This  amount  of  lime  is  that  which  exactly  suflSces 
to  form  normal  carbonates  with  all  the  carbonic  acid  of  the  sewage. 
It  is  possible  in  a  few  minutes,  by  simple  titration,  to  determine 
approximately  the  amount  of  uncombined  carbonic  acid  present  in 
sewage,  and  how  much  lime  will  be  required  to  combine  with  it. 
It  is  also  possible  to  determine  in  a  similar  way,  after  mixing, 
whether  enousjh  or  too  much  lime  has  been  added.  The  amount  of 
lime  required  by  Lawrence  sewage  averages  about  1,600  pounds  per 
million  gallons. 

Ordinary  house  sewage  is  not  sufficiently  alkaline  to  precipitate 
copperas,  and  a  small  amount  of  lime  must  be  added  to  obtain  good 
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results.  The  quantity  of  lime  required  depends  both  upon  the  com- 
position of  the  sewage  and  the  amount  of  copperas  used/ and  can  be 
calculated  from  titration  of  the  sewage.  Very  imperfect  results  are 
obtained  with  too  little  lime,  and,  when  too  much  is  used,  the  excciis 
is  wasted,  the  result  being  the  same  as  with  a  smaller  quantity. 

After  mixing  the  sewage  with  both  copperas  and  lime,  if  enough 
or  too  much  lime  has  been  used  the  mixture  will  color  phenol- 
phthalein  red,  while,  if  too  little  has  been  used,  no  color  will  be 
produced.  This  test  can  conveniently  be  used  by  people  having  no 
knowledge  of  chemistry,  and  affords  an  easy  and  very  accurate 
method  of  applying  enough  lime,  and  of  avoiding  a  useless  excess. 

Using  in  each  case  a  suitable  amount  of  lime,  the  more  copperas 
used  the  better  the  result ;  but,  with  more  than  one-half  a  ton  per 
million  gallons,  the  improvement  does  not  compare  with  the  increased 
cost. 

Some  acid  sewages  contain  a  considerable  amount  of  iron  in  solu- 
tion, and  in  these  cases  precipitation  by  lime  is  really  the  rendering 
available  of  the  copperas  already  in  the  sewage,  and  so  is  properly 
classed  as  an  iron  treatment  rather  than  a  lime  treatment.  In  this 
case  the  reaction  with  phenolphthalein  shows  the  presence  of  enough 
lime. 

In  precipitation  by  ferric  sulphate  and  cimde  alum,  the  addition 
of  lime  was  found  unnecessary,  as  ordinary  sewage  contains  enough 
alkali  to  decompose  these  salts.  Within  reasonable  limits  the  more 
of  these  precipitants  used  the  better  is  the  result,  but  with  very  large 
quantities  the  improvement  does  not  compare  with  the  increased 
cost. 

Using  equal  values  of  the  different  precipitants,  applied  under  the 
most  favorable  conditions  for  each,  upon  the  same  sewage,  the  best 
results  were  obtained  with  ferric  sulphate.  Nearly  as  good  results 
were  obtained  with  copperas  and  lime  used  together,  while  lime  and 
alum  each  gave  somewhat  inferior  effluents.  The  range  of  these 
results  was,  however,  comparatively  narrow ;  and  it  may  be  that, 
with  sewage  of  a  different  character,  or  with  variations  in  the  prices 
of  the  chemicals,  it  would  be  advantageous  to  use  copperas  with 
lime,  or  even  alum.  When  lime  is  used  there  is  always  so  much 
lime  left  in  solution  that  it  is  doubtful  if  its  use  would  ever  be  found 
satisfactory  except  in  case  of  acid  sewage. 

It  is  quite  impossible  to  obtain  effluents  by  chemical  precipitation 
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which  will  compare  in  organic  purity  with  those  obtained  by  inter- 
mittent filtration  through  sand. 

It  is  possible  to  remove  from  one-half  to  two-thirds  of  the  organic 
matter  of  sewage  by  precipitation,  with  a  proper  amount  of  an  iron 
or  aluminum  salt,  and  it  seems  probable  that,  in  some  cases  at  least, 
if  the  process  is  carried  out  with  the  same  care  as  is  required  in 
the  purification  of  sewage  by  intermittent  filtration,  a  result  may  be 
obtained  which  will  effectually  prevent  a  public  nuisance. 
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I.     Micro-Organisms  :    Microscopical  and   Bacterial.    Intro- 
ductory. 

Organisms,  the  proper  subjects  of  biological  study,  as  they  occur 
in  drinking-water  or  in  sewage  may  be  either  animal  or  vegetable, 
either  alive  or  dead.  They  are  generally  inicroscopic  in  size,  and 
belong,  therefore,  almost  without  exception,  to  the  group  of 
'•micro,"  i.e.,  "small,"  organisms.  The  tenn  micro-organisms 
is,  indeed,  often  enough  employed  in  a  much  narrower  sense ;  e.  g  , 
as  a  synonym  for  the  bacteria,  or  for  a  miscellaneous  collection  of 
bacteria  and  protozoa.  In  this  report,  however,  the  term  micro- 
organisms will  be  used  only  in  its  strictly  etymological,  or  most 
general  and  indefinite,  significance,  comprehending  all  small  organ- 
isms ;  and,  for  greater  precision,  it  will  be  considered  that  micro- 
organisms include  all  organisms^  whether  plants  or  animdls^  invisible, 
or.barely  visible^  to  the  naked  eye. 

The  micro-organisms  might  be  subdivided  into  "  animal  forms" 
and  *•  plant  forms,"  or  otherwise;  but  the  most  convenient  sub- 
division for  practical  purposes  is  based  upon  the  two  entirely  differ- 
ent methods  by  which  they  are  detected,  counted  and  studied. 

Of  all  the  micro-organisms  those  appear  to  be  the  most  important 
which  are  the  smallest;  namely,  the  Schizomycetes  or  bacteria. 
These  are  so  small  that,  although  they  are  all  *«  microscopic,"  i.  e., 
invisible  to  the  naked  eye,  they  cannot  be  satisfactorily  studied  by 
the  microscope.  Consequently,  for  them  the  ordinary  methods  of 
microscopical  study  have  to  be  abandoned,  or  at  least  so  much  sup- 
plemented by  other  methods  that  they  become  entirely  secondary. 
The  method  of  first  importance  in  the  study  of  these  organisms  is 
the  method  of  *'  cultures,"  which  consists,  essentially,  in  the  obser- 
vation of  the  organisms,  not  as  individuals,  but  as  masses  or  colo- 
nies of  individuals,  growing  upon  certain  nutritive  substances.  The 
forms  and  habits  of  these  •*  colonies,"  together  with  their  effects 
upon  such  substances  as  beef-jelly,  bouillon,  boiled  potato,  milk, 
etc.,  furnish  important  data  which  enable  the  investigator  to  analyse, 
enumerate  and  difierentiate  the  various  kinds  of  bacteria.  It  is  upon 
this  simple  method  of  ''cultures"  —  i.  e.,  the  naked-eye  observa- 
tion of  the  organisms  collectively,  or  in  ««  colonies,"  w^hen  it  is 
impossible,  even  with  the  microscope,  to  study  them  effectively  as 
individuals  —  that  the  new  science  of  bacteriology,  created  by  the 
genius  of  Louis  Pasteur  and  of  Robert  Koch,  chiefly  rests. 
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All  the  micro-organisms  excepting  the  bacteria  may  be  studied 
more  or  less  effectively,  without  the  use  of  the  method  just  described, 
by  means  of  the  microscope  and  such  apparatus  as  is  familiar  to 
microscopists.  It  is  therefore  reasonable  to  designate  these  organ- 
isms as  '*  microscopical,"  and  to  define  the  limits  of  the  group  as 
including  all  micro-organisms  excepting  the  bacteria.  This  ex- 
tremely simple  arrangement  has  been  found  very  convenient  in  the 
practical  work  of  the  Lawrence  Experiment  Station,  for  which  it 
was  devised,  as  well  as  in  the  examinations  of  the  public  water- 
supplies  of  Massachusetts,  both  under  the  auspices  of  the  State 
Board  of  Health.    It  is  exhibited  in  a  tabular  form  as  follows  :  — 


Micro-Organisms. 
Organisms,  either  plants  or 
animals,  invisible  or  barely 
visible  to  the  naked  eye. 


Microscopical  Organisms. 
liTot  requiring  special  "  cultures." 
Easily  studied  with  the  microscope. 
Microscopic  in  size,  or  sHg<itly  larger. 
Plants  or  animals. 

Bacterial  Organisms, 
Requiring  special  cultures. 
Difficultly  studied  with  the  microscope. 
Microscopic  or  sub-microscopic  in  size. 
Plants. 


The  biological  work  of  the  Lawrence  Experiment  Station  has 
been  arranged  throughout  along  the  lines  indicated  above.  The 
sewage  and  water  treated  have  been  constantly  regarded  as  con- 
taining not  only  bacteria,  but  also  other  micro-organisms,  such  as 
yeast  and  other  fungi,  diatoms  and  algie,  among  the  plants;  and 
rhizopods,  infusoria,  rotifers,  etc.,  among  the  animals.  Accordingly, 
not  only  bacterial,  but  also  microscopical,  analyses  have  been 
repeatedly  made ;  and,  as  the  outcome  of  experience,  or  to  meet 
the  exigencies  of  new*  investigations,  old  methods  have,  in  some 
cases,  been  improved,  and  new  methods  have  been  devised. 

During  the  first  eight  months  the  bacteriological  work  was  in 
charge  of  Dr.  E.  K.  Dunham,  with  the  assistance  of  Mr.  H.  L. 
Grant,  who,  upon  the  resignation  of  Dr.  Dunham,  continued  the 
work  until  it  was  taken  in  charge  by  Mr.  G.  R.  Tucker.  During 
the  entire  second  year  it  has  been  done  under  my  personal 
direction,  in  the  biological  laboratory  of  the  Massachusetts  Institute 
of  Technology.  My  chief  assistant  in  this  department  of  the  work 
has  been  my  friend  and  former  pupil,  Mr.  Edwin  O.  Jordan,  who 
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has  devoted  himself,  with  enthusiasm  and  marked  ability,  to  the 
work  in  general,  and  especially  to  the  difficult  subject  of  character- 
istic bacteria  in  the  water,  sewage,  sands,  effluents,  etc.  Upon 
these  he  has  prepared  a  special  Report,  which  is  included  herewith 
(see  section  v.).  In  co-operation  with  Mrs.  Ellen  H.  Richards, 
one  of  the  chemists  of  the  Board,  he  has  also  amved  at  highly 
important  results  upon  nitrification,  and  a  special  Report  by  them 
concludes  this  volume.  I  have  also  been  assisted  on  this  side  of 
the  work»  at  different  times,  by  Messrs.  Frederic  S.  Hollis,  S.  B., 
and  James  L.  Deming,  S.  B. 

The  microscopical  examinations  for  the  first  eighteen  months 
were  in  charge  of  Mr.  G.  II.  Parker,  of  the  Museum  of  Comparative 
Zoology  of  Harvard  University,  with  the  assistance  of  Mr.  C.  B. 
Davenport.  During  the  last  six  months,  i.  e.,  since  June  1,  1889, 
this  work  has,  been  done,  under  my  direction,  at  the  station.  The 
actual  analyses  have  been  made  by  Mr.  George  L.  West  of  Harvard 
University,  who  has  employed  for  the  work  a  new  quantitative 
method  (see  pp.  803-811).  To  Dr.  R.  R.  Andrews  of  Cambridge, 
Mass.,  we  are  ander  obligations  for  his  excellent  photographs  of  the 
bacteria  described  beyond.  The  photogravures  of  these,  appended 
to  this  report,  testify  to  his  skill  and  his  success. 

The  aim  of  the  biological  work  has  been  to  discover  the  origin, 
functions  and  fate  of  the  various  organisms  concerned  in  sewage 
disposal ;  to  differentiate  the  functions  of  the  organisms  involved, 
so  as  to  learn  the  conditions  of  their  usefulness,  or,  if  necessary,  of 
their  removal ;  and  to  co-operate  to  the  fullest  possible  extent  with 
the  engineers  and  chemists  of  the  Board  in  the  solution  of  mixed 
problems,  for  the  sake  of  arriving  at  improved  and  safer  methods  of 
sewage  disposal  and  water  supply.  The  results  already  obtained 
and  herewith  reported  are  believed  to  have  justified  the  endeavor; 
but,  with  the  knowledge  and  the  experience  hitherto  gained,  still 
better  results  may  be  anticipated  in  the  future. 

I  desire  to  acknowledge  my  sense  of  personal  obligation  to 
the  Chairman  of  the  Committee  on  Water  Supply  and  Sewerage, 
Mr.  Iliram  F.  Mills,  the  member  of  the  State  Board  of  Health 
resident  in  Lawrence,  who  has  not  only  contributed  to  the  investi- 
gations of  the  Board,  without  remuneration,  his  well-known  engi- 
neering attainments,  but  has  also  personally  devoted  the  gi'eater 
part  of  his  time  to  the  co-ordination  of  the  work  of  the  Lawrence 
Experiment  Station,  so  that  whatever  of  permanent  value  has  been 
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achieved y  even  in  a  department  like  this,  perhaps  the  remotest  from 
his  own,  is  largely  due  to  his  suggestive  guidance  and  criticism. 

11.     Methods  of  Microscopical  Analysis. 

Although  microscopical  analyses  (so  called)  of  water  or  sewage 
have  often  enough  been  undertaken,  the  methods  employed  have 
hitherto  been  so  imperfect  that  little  importance  has  been  attached 
either  to  the  examinations  themselves  or  to  the  results. 

The  methods  used  have  generally  involved  the  direct  micro- 
scopical examinations  of  a  very  small  portion  of  the  water  itself, 
e.  g.,  of  one  drop  at  a  time  upon  a  slide ;  or,  still  more  often,  of  a 
small  amount  of  the  sediment  deposited  by  the  water  upon  stand- 
ing for  some  hours  or  even  days.  Results  obtained  by  either  or 
both  of  these  methods  are  necessarily  only  roughly  qualitative,  and, 
though  often  interesting  and  sometimes  important,  could  never  be 
even  approximately  exact. 

A.  — Methods  Employed  Hitherto. 

The  first  systematic  microscopical  examination  of  water  from  the 
sanitary  stand-point  appears  to  have  been  made  by  Hassall,*  upon 
the  river  Thames,  and  the  London  water  supply.  A  condensed 
account  of  his  results  was  published  in  the  ''Lancet"  for  March, 
1850.  A  more  complete  summary,  illustrated  by  wood-cuts,  ap- 
peared in  the  same  journal  in  1851,  and  is  also  quoted  in  a  volume 
by  Hassall,  entitled,  «•  Food  and  its  Adulterations"  (London,  1855). 
The  complete  account  was  also  published  as  an  octavo  brochurej 
with  colored  plates,  f 

It  does  not  appear  exactly  how  HassalPs  analyses  were  made, 
beyond  the  bare  facts  that  a  ''  wine-bottle"  full  of  the  water  was 
taken,  and  that,  '« on  allowing  the  heavier  particles  contained  in  a 
test  tube  filled  with  this  water  to  subside,  and  examining  a  drop  of 
the  sediment,"  other  data  were  obtained.  In  what  follows  it  must 
not  be  overlooked  that,  until  1881,  microscopical  analyses  always 
included  the  bacterial  organisms.  Since  that  time  the  methods  of 
culture  introduced  by  Koch  have  tended  to  draw  attention  away 

•  Habsall,  Arthur  Hill.  "  Memoir  on  the  Organic  Analysis  or  Microscopic  Examina- 
tion of  Water  Sapplied  to  the  Inhabitants  of  London  and  the  Suburban  Districts."  The 
Lancet,  1850, 1,  230. 

t  *'  A  Microscopic  Examination  of  the  Water  Supplied  to  the  Inhabitants  of  London  and  the 
Snboiban  Districts."    London,  1850. 
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from  the  microscopical,  and  to  fix  it  upon  the  bacterial,  organisms. 
Previous  to  1881,  however,  all  microscopical  analyses  included  also, 
as  far  as  possible,  the  bacterial  analyses. 

Ilassall  begins  his  earliest  paper  as  follows:  «'In  the  chemical 
analyses  of  water  generally  given  we  find,  under  the  he^iding, 
'  Organic  Matter,'  the  word  '  traces ;  *  and  this,  in  the  majority  of 
instances,  is  the  only  information  w^e  obtain  from  the  chemist  in 
reference  to  the  most  important  contamination  to  which  water  is 
liable.  ...  In  the  course  of  this  investigation  it  will  l>ecome 
apparent  that  these  traces  are  not  inconsiderable  in  amount,  that 
they  are  complex  in  organization,  endowed  with  life,  and  in  many 
cases  possessed  of  action  powers  of  locomotion,"  etc. 

A  year  later  Hassall  wrote:  **We  have  dwelt  thus  long  and 
fully  on  the  organic  impurities  of  water,  because  of  their  extreme 
and  primary  importance ;  for  it  is  on  these  that  the  deleterious 
properties  of  impure  water  for  the  most  part  depend.  Until  very 
recently  chemists  did  not  in  general  attach  sufficient  importance 
to  these  organic  contaminations  ;  and  in  most  of  their  analyses  we 
find  the  different  kinds  of  organic  matter,  vegetable  and  animal, 
living  and  dead,  all  lumped  togo.ther,  and  included  under  the  word 
*  traces.*  Indeed,  chemistry  is  but  ill  adapted  to  investigate  the 
nature  of  these  organic  matters ;  it  gives  but  a  very  rough  estimate 
only  of  their  gross  amount,  and  does  not  discriminate,  as  we  have 
said,  the  animal  from  the  vegetable,  the  dead  from  the  living ;  and 
tells  us  nothing  about  the  fiimilies,  genera  and  species  to  which  the 
numerous  living  productions  contained  in  impure  waters  severally 
belong,  or  of  their  habits  and  modes  of  life,  etc.  This  inquiry 
belongs  rather  to  the  naturalist,  the  physiologist  and  the  micro- 
scopist ;  and  to  ourselves  belongs  the  credit  of  having  first  applied 
the  resources  of  these,  extensively,  and  in  a  practical  as  well  as 
scientific  manner,  to  an  examination  of  the  actual  condition  of  water 
in  general,  and  particularly  the  state  of  that  now  in  use  in  the 
metropolis."  (**  Lancet,"  1851.  ''Food  and  its  Adulterations,* 
p.  55.     London,  1855.) 

In  1865  Eadlkofer*  published  an  account  of  a  microscopical 
investigation  of  the  organic  substances  found  in  certain  well  waters 
of  the  city  of  Munich.  No  statements  are  given  as  to  the  method 
employed  ;  but  it  would  appear  that  Radlkofer  examined  the  water 

•  Radlkofer,  Lt'DTrio.  *' Mikroscoplsche  UmerFuchung  der  Organischen  Subaranzrn 
im  Brunnenwaflsa*."    Zeitschrift  ftir  Biologie,  I  (1865),  26. 
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and  the  mud  of  the  welh  simply  by  the  direct  observation  of  small 
portions,  microscopically,  upon  a  slide. 

During  the  cholera  epidemics  of  1852  and  1806  the  wells  of 
Breslau,  in  Silesia,  were  regarded  with  suspicion.  Water  from  some 
of  the  worst  wells  was  officially  submitted  for  microscopical  exami- 
nation to  Dr.  F.  Cohn,*  who  has  described  his  method  and  dis- 
cussed his  results  in  what  is  perhaps  the  most  important  and 
suggestive  paper  hitherto  published  upon  the  microscopical,  as  dis- 
tinguished from  the  bacterial,  analysis  of  water.  The  method 
employed  consisted,  however,  simply  in  the  direct  microscopical 
examination  of  a  few  drops  of  the  water,  and  of  the  sediment 
obtained  from  the  water  after  it  had  stood  for  some  hours,  or  even 
days. 

Cohn  writes  as  follows  :  '*  While  the  number  and  the  accuracy  of 
the  chemical  analyses  of  water  is  steadily  increasing  year  by  year, 
the  number  of  microscopical  investigations  of  drinking  water  is  still 
extraordinarily  small.  ...  At  the  same  time,  there  is  no  doubt 
that  microscopical  examinations  of  drinking  waters,  properly  con- 
ducted, will  support  and  supplement  chemical  examinations,  at  the 
most  essential  points,  besides  throwing  light  upon  certain  questions 
which  the  reagents  of  the  chemist  are  powerless  to  answer.  .  .  . 
The  plants  living  in  water  remove  from  it,  sometimes,  during  their 
growth,  the  minutest  traces  of  calcium  carbonate  which  may  bo 
detected  as  crystals  between  their  filaments.  .  .  .  The  presence 
of  traces  of  iron  in  water,  and  sometimes  of  sulphuretted  hydrogen, 
is  directly  discoverable  in  certain  microscopic  algte.  But,  above 
all,  microscopical  analysis  gives  direct  and  positive  evidence  of  the 
kinds  and  conditions  of  the  nitrogenous  substances  present,  infor- 
mation—  both  qualitative  and  quantitative — which  chemical  analy- 
sis but  incompletely  supplies."  Reference  will  be  made  to  other 
portions  of  this  paper  hereafter,  especially  in  the  interpretation  of 
results.  As  a  key  to  the  literature  of  the  subject  previous  to  1870, 
and  as  a  memoir  of  the  first  importance,  it  should  be  in  the  hands 
of  every  sanitary  biologist. 

In  1879  Hirt,t  of  Breslau,  published  an  article  upon  the  principles 
and  the  method  of  the  microscopical  analysis  of  water,  in  which 

•  CoHX,  F.  "Ueber  den  Brunnenfaden  {Crenothriz  polyspora)  in  It  Bemerkungen  Uber 
die  MlkroBcoplscfae  Analyse  des  Bnxnnenwassers."  Beitr&ge  sor  Biologle  dcr  Pflanzen.  I  (I) , 
108.    Breslau,  1R70. 

t  HiHTy  Professor  Dr.  L.  '*  Ueber  den  Principien  und  die  Methods  der  MIkroscopischen 
Untersuchung  des  Wassers."    Zeitochrift  fUr  Biologic,  XV.  (1879),  91. 
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the  method  recommended  consists  in  (1)  the  direct  observation  of 
numerous -samples  of  the  water  taken,  a  drop  at  a  time,  while  the 
sample  is  fresh  :  twenty  to  thiity  drops  being  thus  successively 
mounted  and  scrutinized;  and  (2)  of  an  examination  of  the  sedi- 
ment (if  any)  deposited  by  the  sample  on  standing  for  two  to  sii 
days;  as  well  as  (3)  a  study  of  the  surface  pellicle  (if  any)  which 
sometimes  forms  upon  the  sample  aftdr  standing.  Thirty  to  forty 
preparations  of  the  sediment  and  pellicle  are  recommended  to  be 
made  from  each  sample,  and  these  must  be  studied  till  the  investigator 
has  clearly  made  out  their  character  and  significance.  **  Although 
I  must  frankly  admit  that  this  method  of  the  microscopical  investiga- 
tion of  water  is  still  imperfect ;  that  it  cannot  escape  among  numerous 
objections,  especially  this,  —  that  the  amount  of  water  or  sediment 
actually  examined  is  always  very  small  in  comparison  with  the 
quantity  to  be  tested,  —  still,  on  the  other  hand,  I  can  testify  that 
serious  errors  do  not  occur,  provided  one  follows  the  method  closely; 
and,  further,  that,  so  long  as  no  better  method  exists,  biologists 
will  do  well  to  employ  this  one  with  confidence."  Professor  Hirt 
expressly  says  that  this  was  the  method  employed  in  Cohn's  labora- 
tory at  that  time  (1879),  and  it  appears  also  to  have  been  employed 
by  Hirt  and  others  in  a  systematic  study  of  the  river  Oder  and  the 
water  supply  of  Breslau,  between  1877  and  1881,  the  results  of 
which  have  been  published  in  an  important  paper  by  Hulwa.*  The 
interesting  tables  which  accompany  this  paper  give  the  microscopical 
results  side  by  side  with  the  chemical,  and  probably  indicate  the 
highest  point  reached  by  such  work  hitherto,  and  previous  to  the 
introduction  of  the  more  exact  methods  of  bacteriology,  in  1881. 

Macdonald's  *'  Guide  to  the  Microscopical  Examination  of 
Drinking  Water  "f  was  published  (in  the  first  edition)  in  1875. 
The  method  recommended  in  the  edition  of  1883  consists  in  the 
collection  of  the  sediment,  as  follows  (p.  4)  :  A  tall  glass  vessel 
is  ''filled  with  the  water  to  be  examined,  and  a  circular  disk  of 
glass,  resting  on  a  horizontal  loop  at  the  end  of  a  long  alurainom 
wire,  lowered  to  the  bottom,  when  the  whole  arrangement,  tightly 
covered,  must  be  set  asi4e  for  twcnty-foiy:  or  forty-eight  hours,  as 

•  Hulwa,  Dh.  Franz.  "Beltrage  zur  Schwemmkanalization  und  Wasser-VcrsoreiiB^ 
der  Stadt  fireslau."  Centralblatt  far  allegemeine  Gesnndbeitspflego,  Erganzangshefte,  I,  S9. 
Bonn,  1885. 

t  M\cDo:»ALD,  J.  D.  "A  Guide  to  the  Microscopical  Examination  of  Drinking  Water," 
etc    London,  1883. 
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the  case  may  be.  At  the  end  of  the  specified  time,  the  water  should 
be  siphoned  off  with  a  piece  of  india-rubber  tubing,  so  as  to  leave 
only  a  thin  stratum  of  the  liquid  over  the  glass  disc.  This  should 
now  be  carefully  raised  and  laid  upon  blotting  paper,  to  dry  its 
under  surface  and  remove  the  surplus  moisture,  when  it  may  be  at 
once  transferred  to  the  microscope,  with  a  large  piece  of  covering 
glass  so  placed  upon  it  as  to  exclude  all  air-bubbles.  An  ordinary 
watch  glass  may  in  some  cases  be  substituted  for  the  disc  alluded 
to,  with  advantage.  .  .  .  Another  good  plan,  which  is  perhaps  the 
better  of  the  two,  is  to  siphon  off  the  water  until  only  a  sufficient 
quantity  remains  to  permit  the  sediment  to  be  shaken  up  with  it 
and  poured  into  a  tall  conical  glass,  from  which,  after  standing 
again  for  a  short  time,  portions  may  be  taken  up  by  means  of  a 
pipette,  and  placed  on  slides  for  examination." 

To  the  foregoing  outline  of  the  literature  of  the  methods  of  the 
Microscopical  Analysis  of  Waters,  it  only  remains  to  add  that  the 
latest,  and,  without  doubt,  the  best,  summary  of  water  analysis 
hitherto  published  ("  Untersuchung  des  Wassers."  Tiemann  und 
Gartner,  1889),  has  no  better  method  to  propose. 

Meanwhile,  the  development  of  special  methods  for  the  study  of 
the  bacteria,  and,  above  all,  the  introduction  by  Koch  of  the  method 
of  ''  solid  cultures,"  have  simplified  the  problem  of  the  microscopi- 
cal examination  of  water,  by  relieving  it  of  its  heaviest  burden. 
In  the  more  absorbing  pursuit  of  bacteriology  this  is  not  yet  gen- 
erally recognized ;  but  the  fact  is,  that,  by  the  removal  of  the 
necessity  for  detecting  bacteria  by  the  microscope,  it  has  become 
a   comparatively   simple    matter    to    enumerate    and   examine   the 


B. — New  Methods:  WiiJi  a  Special  Account  of  the  Methods  of 
Microscopical  Analysis  Employed  at  The  Lawrence  Experiment 
Station^  and  in  the  Monthly  Analyses  of  the  Drinking  Waters  of 
the  Slate. 

In  the  establishment  of  the  Lawrence  Experiment  Station,  the 
attempt  was  made  to  control  all  the  conditions.  The  engineering 
problems  were  well  in  hand,  the  chemical  problems  were  thoroughly 
conceived,  the  bacterial  organisms  in  water  or  sewage  could  be 
counted  and  examined ;  but,  at  the  outset,  the  microscopical  organ- 
isms could  not  be  compared,  because  there  was  no  known  method 
for  their  quantitative  study. 

\ 
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The  paradoxical  condition  actually  existed  that  the  extremely 
minute  bacteria  (if  alive)  could  be  easily  estimated  as  to  their 
numbers,  though  with  difficulty  as  to  their  kinds;  while  the 
infinitely  larger  metazoa  and  algae  could  indeed  be  arranged  a« 
to  their  kinds,  but  not  determined  as  to  their  numbers.  The 
microscopical  organisms  in  sewage  or  water  were  easily  classified 
as  *' Yeast/'  *«Synedra,"  <*  Paramoecium,"  etc. ;  but,  for  quantities, 
expressions  such  as  ••  abundant,"  **  scarce,"  **very  abundant," 
**  very  scarce,"  had  to  be  employed.  It  was  obvious,  however,  that, 
if  a  similar  systematic  and  thorough  study  was  to  be  made  of  these 
as  of  the  bacteria,  the  ammonia,  the  amounts  of  liquid  applied  and 
recovered,  etc.,  some  quantitative  method  must  be  devised. 

At  the  request  of  the  chairman  of  the  Committee  (Mr.  Mills), 
Mr.  G.  H.  Parker,  then  biologist  to  the  Board,  undertook  the 
examination  of  the  filtered  and  unfiltered  water.  The  object  of 
these  examinations  was  to  determine  whether  any  of  the  larger 
organisms,  algsB,  etc.,  which  were  known  to  occur  in  the  ^  Uered 
water,  made  their  way  through  the  filters,  and  escaped  in  ^  red 

water.     In  order  to  ascertain  whether  this  wete  true  ^ 

following  method  was  employed:  Cotton  cloth,  similai" 
which  the  organisms  in  the  unfiltered  water  were  de  \ 
firmly  tied  over  the  open  ends  of  the  escape-pipes  from  i 
and  the  filtered  water  allowed  to  strain  through  this  clo 
possible,  five  gallons  of  water  was  strained;   in  many  .  .  . 
owing  to  the  slowness  with  which  the  water  traversed 
this  amount  could  not  be  conveniently  strained,  and  the 
tion  was  then  necessarily  made  upon  smaller  amounts.     The  _iOio, 
after  having  been  removed  from  the  pipe,  was  inverted   (turned 
inside  out)   over  the  lower  end  of  a  glass  tube,  to  which  it  was 
held  firmly,  while  the  worker  applied  the  cloth  to  an  ordinary  slide, 
and  blew  smartly  through  the  tube  from  above,  down  upon  the 
slide.     The  organisms  originally  detained  upon  the  inside  of  the 
cloth  are  now  upon  the  outside  (after  the  inversion  of  it),  and  are 
therefore  comparatively  easily  removed  from  the  cloth  by  a  stream 
(of  air)  in  the  reverse  direction  to  that  which  lodged  them  upon 
the  cloth.     A  drop  of  moisture  usually  adheres,  or  may  be  added, 
to  the  cloth,  and  aids  in  the  detachment.     Once  upon  the  slide  in 
a  drop  of  water,  the  organisms' are  distributed  as  evenly  as  pos- 
sible, are  covered  by  a  piece  of  thin  glass,  and  examined  with  the 
microscope.     The  number  of  gallons  thus  strained  being  known,  and 
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the  number  of  organisms  observed  being  counted,  or  computed,  it 
became  possible  to  make  a  rough  approximation  to  the  number  of 
organisms  actually  present. 

A  modification  and  improvement  of  this  method,  which  was  de- 
vised by  Mr.  Parker,  aud  was  known  to  the  investigators  of  the 
Board  as  the  '« Cloth  method,"  was  employed  for  some  months  in 
the  microscopical  examinations  of  the  drinking  waters,  ice,  etc.,  of  the 
State,  and  will  be  found  fully  described  in  Volume  I.  of  the  present 
Report,  pp.  581-582.  It  was  superseded  by  the  method  now  to  be 
described,  and  known  as  the  **  Sand  method,"  on  June  1,  1889. 

In  the  autumn  of  1888,  Mr.  Alexander  L.  Kean,  at  that  time  a 
special  student  in  my  laboratory,  was  invited  to  make,  for  the  Bos- 
ton Water  Works,  a  series  of  tests  of  the  efficiency  of  certain  sand 
filters,  in  respect  to  the  removal  of  microscopical  organisms ;  and, 
being  familiar  with  the  methods  of  the  bacteriological  examination 
of  air  by  means  of  filters  of  sugar  and  of  sand,  he  determined  to 
employ  a  modification  of  these  methods  in  his  work  upon  water. 
The  necessary  concentration  of  the  organisms  in  the  water  is  effected 
here,  as  in  the  case  of  air,  by  filtration  through  sand,  supported, 
in  this  case,  upon  a  brass  gauze  stop,  in  the  stem  of  a  funnel. 
After  withdrawing  the  stop,  the  sand-  is  washed  down  into  a  watch 
glass  by  one  cubic  centimeter  of  distilled  water,  delivered  from  a 
pipette.  Upon  stirring  the  contents  of  the  watch  glass,  the  sand 
settles  to  the  bottom,  and  the  organisms  for  the  most  part  remain 
in  the  supernatant  fluid.  A  thousandth  part  of  a  cubic  centimeter 
of  this,  with  its  contained  organisms,  is  then  transferred  to  a  slide 
having  upon  its  surface  a  concavity  containing,  when  covered,  one 
cubic  millimeter.  The  bottom  of  the  concavity  is  ruled  in  squares, 
which  facilitate  the  counting  or  computation  of  the  total  number  of 
organisms  present.  It  is  afterwards  only  necessary  to  multiply 
by  one  thousand  the  result  obtained  from  the  actual  count  of  the 
organisms  upon  the  slide,  to  obtain  the  number  present  in  the  entire 
cubic  centimeter,  i.  c,  removed  by  filtration  from  the  sample  to  be 
examined.  An  account  of  this  method  was  published  in  "  Science," 
of  Feb.  15,  1889.*  To  Mr.  Kean,  therefore,  belongs  the  credit  of 
having  first  devised  and  employed  for  practical  purposes  a  quanti- 
tative method  for  the  microscopical  examination  of  water.  If,  for 
example,  100  cubic  centimeters  were  filtered,  and  yielded  23  organ- 

•  Kban,  a.  L.    **  A  New  Method  for  the  Microecopical  Examination  of  Water." 
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isms  in  the  cubic  millimeter,  then  ^^-f^^-^-^  =  230  is  the  numljer 
per  cubic  centimeter  in  the  original  sample. 

The  most  serious  defect  of  this  method  is  that  the  amount  actu- 
ally examined  is  too  small,  compelling  the  use  of  a  large  &ctor 
of  multiplication,  and  so  limiting  the  amount  actually  scrutinized 
that  important  organisms  may  easily  be  overlooked.  Since  it  is 
necessary  to  multiply  by  1,000,  an  error  of  one  in  the  counting 
becomes  an  error  of  1 ,000  in  the  result ;  or  of  10  per  cubic  centi- 
meter, if  100  cubic  centimeters  were  originally  taken.  Moreover, 
if  only  one  be  found  in  the  counting,  it  must  be  interpreted  to  indi- 
cate 1 ,000  in  the  cubic  centimeter  in  the  watch  ghiss,  or  at  least  10 
per  cilbic  centimeter  if  100  cubic  centimeters  were  originally  t;ikeD. 
It  is  impossible  to  get  a  number  between  0  and  10  per  cubic  centi- 
meter, unless  more  than  100  cubic  centimeters  be  filtered.  It  would 
be  necessary  to  filter  as  much  as  a  liter,  in  order  to  get  1  per  cubic 
centimeter. 

Suspecting  that  this  method  yielded  too  high  results,  I  placed 
the  watch-glass  directly  under  the  microscope,  and  soon  became 
satisfied  that  it  did  not  contain  quite  as  large  numbers  as  were 
indicated  by  Kean's  method.  Moreover,  it  was  apparent  that,  if 
all  the  sand  and  its  contents  could  be  directly  observed  with  the 
microscope,  it  would  be  an  immense  advantage.  Accordingly,  I 
constructed  a  chamber  or  cell  suitable  for  receiving  the  sand  and 
the  organisms  held  back,  and  permitting  them  to  be  evenly  and 
thinly  distributed  over  the  surface.  In  reality,  this  was  simply 
enlarging  the  cell  employed  in  the  previous  method,  for  here,  also, 
the  bottom  of  the  cell  was  ruled  in  squares ;  yet  the  advantage  was 
very  great,  since  the  new  cell  or  plate  was  large  enough  to  permit 
the  examination  of  all  the  organisms  removed  by  filtration. 

The  cell,  or  counting  plate,  actually  fixed  upon  after  numerous 
trials,  is  50  millimeters  in  length  and  20  millimeters  in  width,  and 
contains,  therefore,  an  area  of  1,000  square  millimeters.  It  i? 
bounded  by  a  brass  border,  one  or  more  millimeters  high  and  four 
or  five  millimeters  wide.  This  rectangular  brass  border  is  firmly 
cemented  to  an  ordinary  glass  slide  of  the  English  form,  ujk)!! 
which  originally  were  ruled  with  a  dividing  engine  1,000  squares, 
each  one  millimeter  in  area.*     If  the  filtration  be  done  as  before, 

*  For  tbe  fatient  and  skillfal  elaboration  of  these  details,  and  for  the  actual  constnictiofl  of 
a  namher  of  nccaratcly  ruled  plates,  I  am  indebted  to  Miss  C.  A.  Woodman,  formerly  a  ftodou 
in  my  laboratory. 
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and  100  c.  c.  of  water  be  taken,  all  the  sand  and  the  organisms  ' 
detained  by  it  are  washed  down  into  the  counting  plate  or  cell,  with 
enough  of  distilled  water,  directed  from  a  wash-bottle,  to  ensure  the 
covering  of  the  entire  bottom.  From  one  to  two  cubic  centimeters 
are  usually  employed  for  this  purpose.  The  sand  and  the  organisms 
are  now  evenly  distributed  over  the  bottom  by  a  needle  or  a  piece 
of  wire,  care  being  taken  by  a  rapid  survey  to  make  sure  of  the 
evenness  of  distribution,  and  are  then  examined  directly  with  a 
rather  low  power,  e.  (/.,  the  BB  objective  and  2  or  4  ocular,  of  Zeiss. 
It  is  new  theoretically  possible  to  count  the  contents  of  every  square 
millimeter  upon  the  plate ;  in  practice,  however,  this  is  neither 
possible  nor  necessary.  From  the  start  it  was  found  that  20  squares, 
taken  from  representative  portions  of  the  cell,  were  as  many  as  could 
conveniently  be  counted,  though  the  fact  that  the  entire  surface  can 
be  rapidly  scrutinized  is  a  conspicuous  advantage,  as  affording  a  check 
upon  the  results  obtained  from  the  20  squares.  The  total  number 
of  organisms  found  in  the  20  representative  squares  must,  obviously, 
be  multiplied  by  50  to  get  the  number  upon  the  entire  surface  of 
the  plate.  This  method,  therefore,  ordinarily  requires  the  use  of 
50  as  a  factor  of  multiplication,  instead  of  1,000  as  in  the  previous 
method.  The  quantity  of  water  thus  really  examined  is  -^  of  the 
quantity  originally  taken,  instead  of  yo^tt*  Thus,  if  100  cubic  centi- 
meters bo  filtered,  ^q^  =  2  cubic  centimeters  are  actually  scrutinized, 
as  against  ^q%%  =  ^V  ^^^^^^  centimeter,  by  the  previous  method.  If 
only  a  single  organism  were  found,  the  result  would  be  1  X  50  =  50 
in  100  cubic  centimeters,  i.  e.,  0.5  organisms  per  cubic  centimeter. 
Obviously,  the  method  gives  no  certain  means  of  detecting  quanti- 
ties between  0  and  0.5  organisms  per  cubic  centimeter,  unless  more 
than  100  cubic  centimeters  be  concentrated.  The  possible  error  may 
be  appreciated  in  another  way.  Supposing  that  there  were  but  one 
organism  in  the  entire  100  cubic  centimeters  taken,  and  that  this 
were  found  among  the  20  squares,  the  result  would  be  50  organisms, 
where  but  one  really  existed.  If  it  were  not  found  in  the  20  squares 
or  by  the  rapid  scrutiny  of  the  entire  surface,  the  result  w^ould  be 
zero,  and  this  result  would,  clearly,  be  much  more  likely  to  be 
obtained  than  the  other.  * 

After  the  method  had  been  thoroughly  tested  in  a  series  of  experi- 
ments conducted  under  my  supervision  by  Miss  C.  A.  Woodman,  it 
was  introduced  into  the  work  of  the  Board  on  June  1,  1889,  and  has 
since  that  time  been  in  use  at  the  Lawrence  Experiment  Station,  as 
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well  as  in  the  regular  microscopical  examinations  of  drinking  waters 
from  all  parts  of  the  State. 

On  June  11,  1889,  the  new  method  was  fully  described  at  the 
annual  meeting  of  the  New  England  Water  Works  Association  in  Fall 
River,  and  a  brief  account  of  it  was  afterwards  published.*  It  was 
adopted  during  the  summer  of  1889  by  the  experts  of  the  State 
Board  of  Health  of  Connecticut,  and  has  been  used  by  them  in  a 
long  series  of  investigations  of  the  water  supplies  of  that  State.  At 
about  the  same  time  Mr.  Geo.  W.  Rafter,  C.  E.,  began  a  novel  and 
elaborate  series  of  microscopical  investigations,  under  the  direction 
of  Desmond  Fitzgerald,  Esq.,  C.  E.,  Superintendent  of  the  Western 
Division  of  the  Boston  Water  Works.  The  method  just  described 
was  demonstrated  to  them  in  my  laboratory,  and  they  were  furnished 
with  a  counting  plate.  Mr.  Rafter  soon  after  introduced  valuable 
improvements  in  the  details  of  the  method,  an  account  of  which  has 
since  been  published. f 

The  first  important  improvement  introduced  by  Mr.  Rafter  con- 
sisted in  the  substitution  of  a  ruled  square  in  the  eye-piece,  for  the 
ruling  upon  the  plate.  Tlys  is  obviously  a  great  gain,  since  it 
removes  the  necessity  of  the  expensive  plates,  specially  ruled  by  a 
dividing  engine.  The  plan  adopted  by  Rafter  is  to  place  within  the 
eye- piece  a  disk  of  glass,  precisely  similar  to  that  used  for  ordinary 
ocular  micrometers,  excepting  that,  in  the  place  of  the  usual  scale, 
it  has  upon  it  a  ruled  square.  This  is  chosen  of  such  a  size  that  it 
covers  one  square  millimeter  upon  the  ordinary  slide.  I  have  found 
it  as  well  or  better  to  employ,  in  place  of  the  glass  disk,  a  blackened 
metal  disk,  with  a  square  hole  cut  out  of  its  centre,  since  it  is  not 
only  cheaper  and  more  durable,  but  allows  ouly  the  area  that  is  to 
be  counted  to  be  seen. 

The  only  disadvantage  of  the  eye-piece  square  is  that  it  must  be 
carefully  standardized,  i.  e.,  made  to  coincide  in  outline  with  a 
square  millimeter  actually  upon  the  slide.  With  different  powers 
this  involves  some  loss  of  time.  It  is,  then,  simply  necessary  to 
have  for  this  work,  besides  the  filter  and  the  microscope,  (1)  a  metal 
eye-piece  diaphragm  perforated  by  a  square  hole  of  such  size  that, 
with  the  objectives  used,  it  shall  easily  cover  one  square  millimeter 

•  W.  T.  Sedgwick.  '*  Recent  Progress  in  Biological  Water  Analysis.**  Joomal  of  tbe 
New  England  Water  Works  Association.    September,  1889. 

t  Geo.  W.  Raftek,  C.  E.  "  The  Biological  Examination  of  Potable  Water."  Proceedtags, 
Bocbester  Academy  of  Sciences.    1890.    Rochester,  N.  Y. 
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upon  the  slide ;  (2)  a  stage  micrometer,  ruled  in  millimeters,  or, 
better,  in  millimeter  squares;  (3)  slides  of  the  ordinary  pattern,  to 
each  of  which  is  cemented  a  rectangular  brass  border,  inclosing  an 
area  50  X  20  millimeters. 

The  second   improvement   suggested  by  Mr.  Rafter  is  equally 
important,  since  it  seeks  to  do  away  with  the  presence  of  the  sand 
during  the  counting.     I  have  made  very  numerous  experiments  in 
this  direction,  trying  to  find  some  substance  which  should  serve  as 
a  filter  and  afterwards  dissolve.     No  such  substance,  however,  has 
been  found.      Prof.    S.  W.  Williston,  microscopist  to  the   State 
Board  of  Health  of  Connecticut,  informs  me  that  he  has  introduced 
precipitated  silica  in  the  place  of  sand,  finding  that  it  filters  rapidly, 
yet  thoroughly,  and  distributes  itself  well  upon  the  counting  plate. 
By  working  in  a  different  direction,  Mr.  Rafter  has  been  more  suc- 
cessful.    He  advises  the  use  of  larger  funnels  and  comparatively 
coarse  sand,  and  recommends  that  300  to  500  cubic  centimeters  of  the 
water  to  be  examined  be  filtered.     The  sand  and  organisms  are  then 
washed  down  into  a  test-tube  with  3  to  5  cubic  centimeters  of  dis- 
tilled water.    The  tube  is  shaken  thoroughly,  and  the  sand  allowed, 
for  an  instant,  to  settle.     The  water  is  then  quickly  decanted,  and 
carries  with  it  most  of  the  organisms.     One  cubic  centimeter  of 
this  water  is  then  transferred  to  the  counting  plate,  covered  with  a 
piece  of  thin  glass,  and  examined  in  the  usual  way.     The  use  of  a 
brass  border  one  millimeter  high,  provides  a  chamber  holding  exactly 
one  cubic  centimeter.     It  will  be  observed  that  the  principle  here 
involved  is  the  same  as  that  in  Kean's  method  of  agitation  in  a 
watch  glass,  and  the  examination  of  a  portion  of  the  supernatant 
liquid  in  a  special  cell..    The  advantage  of  this  mode  of  procedure 
is  obvious.     The  sand,  which  constitutes  an  obstacle  in  counting,  is 
avoided  ;  the  low  brass  border  allows  the  use  of  higher  powers ;  and 
the  fatigue  of  counting  20  squares  is  diminished.     The  greatest 
disadvantage  is  the  surrender  of  the  possibility  of  inspecting  the 
entire  result  of  filtration.     The  quantity  actually  observed  remains 
the  same  as  before,  but  it  is  a  sample  of  the  material  held  back  by 
the  sand,  instead  of  the  entire  mass.     Some  experiments  still  in 
progress  lead  me  to  believe,  however,  that  this  disadvantage  is  less 
real  than  appears  froni  a  theoretical  consideration  alone;  and  it 
appears  to  me  that  these  several  modifications  introduced  by  Mr. 
Rafter  are  improvements  of  the  greatest  value.     Mr.  Rafter  has 
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also  devised  a  simple  mechanical  stage  by  which  the  counting  plate 
is  moved  one  millimeter  at  a  time  from  side  to  side,  or  at  right 
angles  to  this  direction.  This  is  undoubtedly  a  convenience,  and  it 
aids  in  the  unbiassed  selections  of  squares  to  be  counted  —  a  point 
of  much  importance  ;  but  it  appears  to  me  of  less  importance  than 
the  improvements  already  described. 

The  sand  used  should  be  sharp  quartz  sand,  completely  clean. 
«<  Berkshire"  sand  is  perhaps  the  best  for  the  purpose.  I  have  been 
accustomed  to  use  much  finer  sand  than  Mr.  Rafter ;  namely,  for 
ordinary  drinking  waters  such  as  would  pass  through  a  sieve  having 
80  meshes  to  the  linear  inch,  but  not  through  one  having  100.  Such 
sand  may  be  described  as  "80  to  100  sand."  For  the  effluents  at  the 
Lawrence  Experiment  Station  a  still  finer  sand  has  been  frequently 
used;  viz.,  finer  than  140;  i.  e.,  sand  which  will  pass  through  a 
sieve  having  meshes  making  (nominally)  140  to  the  linear  inch.  In 
order  to  separate  the  sand  by  quickly  decanting,  as  described  above, 
a  rather  coarse  sand  must  be  used ;  but,  on  the  other  hand,  more  of 
it  can  readily  be  employed.  The  worker  must  be  left  to  determine 
in  any  particular  case  the  degree  of  fineness  advisable  ;  but  a  high 
degree  of  accuracy  is,  apparently,  never  consistent  with  very  rapid 
work. 

The  sand  is  conveniently  supported,  either  by  a  rolled  plug  made 
of  fine  brass  gauze,  or,  better,  by  a  platform  of  No.  140  brass  gauze, 
made  by  pushing  a  strip  of  the  gauze  up  from  below  into  the  funnel 
stem,  by  means  of  a  tight-fitting  cylindrical  punch,  such  as  a  glass 
rod  or  a  piece  of  coarse  wire.  The  funnel  stem  must  be  of  even 
bore,  and  not  flaring. 

The  greatest  care  must  be  taken  to  secure  an  average  sample  of 
the  water  to  be  examined.  It  must  be  remembered  that  diatoms, 
algfe,  infusoria  and  the  like,  are  suspended  bodies  of  different  speci- 
fic gravity,  and  that  they  are  whirled  about  by  currents,  tend  to 
collect  in  eddies,  and  in  other  ways  behave  far  differently  from 
substances  in  solution.  The  same  considerations  should  warn  us 
against  the  expectation  of  high  quantitative  accuracy,  either  in  these 
methods  or  in  those  of  bacteriology.  There  is  every  reason  to  believe, 
however,  that  quantitative  results  may  be  obtained  by  this  method  of 
microscopical  examination,  quite  as  accurate  and  trustworthy  for  the 
microscopical  organisms,  as  by  the  methods  of  bacteriology  for 
the  bacteria. 
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It  is  obvious  that  the  method  permits  the  direct  observation  and 
examination  of  water,  sewage,  etc,  since  it  is  only  necessary  to 
place  upon  the  counting  plate  or  cell,  one  cubic  centimeter  of  the 
liquid  to  be  examined.  This  method  is,  in  fact,  employed  with 
sewage,  since  in  it  the  organisms  are  abundant ;  but  for  water  or 
effluents  it  is  of  no  use,  since  the  quantity  actually  inspected  is  too 
small  to  be  a  fair  sample,  viz.,  -g^  of  one  cubic  centimeter.  With 
certain  modifications  the  method  is  also  available  for  the  microscopi- 
cal examination  of  sands. 

Mr.  Rafter  has  done  me  the  honor  to  state  that  this  new  method 
for  the  microscopical  examination  of  water  should  bear  my  name 
(op.cU.)  ;  but,  inasmuch  as  his  own  improvements  now  form  a  most 
important  and  indispensable  part  of  it,  I  venture  to  suggest  that  his 
name  be  joined  to  mine  in  referring  to  the  method.  A  careful  investi- 
gation of  the  Sedgwick-Rafter  method,  with  numerous  tests  by  G. 
N.  Calkins,  Microscopist  to  the  Board,  is  already  nearly  completed, 
and  will  appear  in  the  Twenty-second  Annual  Report  of  the  Board. 

in.  —  Methods  of  Bacteriological  Analysis. 

The  methods  employed  in  the  bacteriological  work  have  been 
usually  those  of  the  Koch  school,  with  such  modifications  as  the 
peculiar  needs  of  the  work  have  required. 

At  the  outset  the  routine  planting  and  counting  began,  and  for 
nearly  a  year  continued,  in  Dr.  Dunham's  laboratory  on  Tremoat 
Street,  Boston.  During  the  period  when  Mr.  Tucker  had  charge  oi 
the  work,  it  was  done  in  his  private  laboratory  in  the  Boston  City 
Hospital.  Since  Nov.  1,  1888,  the  bacteriological  work  has  been 
carried  on  in  the  biological  laboratory  of  the  Massachusetts  Institute 
of  Technology,  in  Boston,  where  it  has  continued  without  interrup- 
tion during  the  entire  second  year  covered  by  this  report.  A 
section  of  the  laboratory  has  from  the  first  been  set  apart  for  a  cult- 
ure room.  This  was  specially  prepared  for  bacteriological  work» 
with  a  view  to  minimizing  the  danger  from  error  by  air  contamina- 
tion. The  ceiling  and  walls  are  dust  proof,  and  the  entrance  is 
through  a  tightly  sliding  door.  The  shelves,  walls  and  floor  are 
kept  scrupulously  clean ,  the  whole  room  being  washed  with  corro- 
sive sublimate  at  frequent  intervals.  Only  the  apparatus  actually  in 
use  is  allowed  in  the  room,  and  every  precaution  is  taken  to  render 
the  air  of  the  culture  room  practically  free  from  germs. 
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ThB  samples  of  water,  sewage,  effluents,  etc.,  have  been  regularly 
collected  at  the  Lawrence  Experiment  Station,  in  tightly  stoppered 
glass  bottles,  each  having  a  capacity  of  fifty  cubic  centimeters.  The 
bottles  are  first  sterilized,  or  made  germ  free,  by  heating  them  to  a 
temperature  of  165^  to  195°  C,  for  an  hour  and  a  half,  in  a  way 
shortly  to  be  described.  The  samples  of  water  collected  in  these 
sterilized  bottles  have  been  brought  to  the  laboratory  as  quickly  as 
possible,  and  there  samples  withdrawn  and  immediately  planted.  In 
warm  weather  only  a  very  few  hours  have  usually  elapsed  between 
collection  and  planting ;  and  when  for  any  reason  the  water  was 
obliged  to  stand,  after  collection,  it  has  been  carefully  kept  at  a  low 
temperature,  to  preclude  increase  in  the  number  of  germs.  Numer- 
ous control  experiments  have  been  made  by  planting  samples  of 
water  at  Lawrence  while  carrying  duplicate  samples  to  Boston,  and 
allowing  still  others  to  remain  for  some  time  in  Lawrence  at  the  low 
temperature  prescribed.  These  control  experiments  have  uniformly 
given  satisfactoiy  results. 

There  has  been,  in  the  collection  of  the  samples,  a  possible  source 
of  error,  which,  although  slight,  could  not  be  overlooked.  In  some 
cases  the  effluent  from  certain  sewage  tanks  drops  so  slowly  that  it 
is  necessary  to  expose  the  collecting  bottle,  sometimes  for  several 
minutes,  before  obtaining  a  sufficient  quantity  of  water  for  examina- 
tion. Meanwhile,  there  is  obviously  a  possibility  that  germs  may 
drop  into  the  bottle,  and  appear  in  the  table  of  results  as.if  they  had 
come  directly  from  the  effluent.  A  number  of  experiments  have  been 
made,  with  a  view  to  ascertaining  the  amount  of  this  error  of  col- 
lection ;  and  it  has  been  found  to  average  considerably  less  than  2 
germs  per  cubic  centimeter.  In  by  far  the  larger  number  of  cases, 
however,  there  has  been  exposure  to  the  air  for  a  few  seconds 
only. 

For  the  sake  of  ascertaining  the  error  due  to  this  exposure,  during 
collection,  bottles  of  sterilized  water  were  exposed  on  Nov.  16,  1888, 
to  the  air  of  the  experiment  station,  while  the  effluents  from  some 
of  the  tanks  were  being  collected.  Each  bottle  of  sterilized  water 
remained  exposed  by  the  side  of  a  corresponding  bottle,  into  which 
the  effluent  from  a  sewage  tank  was  dropping.  The  results  were  as 
follows :  — 
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Datk. 

Filter  Tank. 

Bacteria  In 
one  Cubic  Centi- 
meter of 
SterlliJsod  Water. 

Bacteria  In 
one  Cubic  Centi- 
meter 
of  Effluent 

Nov.  16, 
16, 
16, 
16, 
16. 
16. 
16, 
16. 

198 

i. 

No.  11. 
12, 
13. 
14. 
15. 
16. 
17. 
20. 

1 
0 
3 
1 
0 
1 
4 
2 

66 

7 
27  • 
618 
65 
12 

3 
22 

Another  experiment  of  the  same  kind  gave  : 


188A. 


Dec.  1 
17, 
17, 
1 
T 
17, 
1 
17, 


No.  11. 
12. 
13, 
14, 
15, 
16. 
17, 
20, 


1 

1 

2 

1 

2, 1  mold. 

3 

l.lmolJ. 

3 


12 
SO 
10 
154 
108 
17 
5 
5 


Still  another  resulted  as  follows  :  ■^- 


1980. 


Jan.  8, 
8. 
8. 
8, 
8, 
8, 
8. 
8. 


No.  1, , 
2,  . 


6.. 
7,. 


A  bottle  not  expoKod, 


1 

2 

0 

1 

0, 1  mold: 

0 

1 

5 

0 

0 


1,300 
0 
1 
9 
2 
874 
0 
16 
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These  control  experiments  were  then  arranged  so  as  to  imitite 
more  closely  the  conditions  actually  existing  at  the  time  a  sample 
was  taken.  Sterilized  water  was  blown  from  a  wash  bottle  guarded 
by  a  cotton  plug,  into  sterilized  collecting  bottles.  This  was  done 
at  the  spot  where  the  regular  effluents  were  being  collected,  and 
as  much  time  was  taken  to  discharge  the  sterilized  water  as  was 
required  to  collect  a  sample  of  the  effluent. 


DATS. 

FiLTEs  Tank. 

Bacteria  in 
one  Cubic  Centi- 
meter of 
Sterillaed  Water. 

Bactetia  !n 

oncfahJclleQa. 

meter 

of  EfflueoL 

1989. 

Jan.  22, 

No.  1 

4 
1 
1 

41 

22. 

2 

19 

22. 

3, 

99 

22, 

^ 

4, 

2 

0 

12 

22. 

5, 

15 

22, 

6, 

2 
2 

3,612 

22, 

7. 

16 

22, 

8 

2 

» 

22, 

0 

3 

4 

These  results  satisfied  us  that  the  danger  of  contamina- 
tion during  collection  was  slight.  Extreme  caution  is  of  course 
always  necessary  in  collecting  the  water,  and  the  samples  are  taken 
by  assist^ints  carefully  trained  to  avoid  contaminating  them.  The 
bottles  have  been  carried  in  closely  fitting  tin  cases,  and,  when 
necessary,  have  been  capped  with  tin-foil  or  rubber. 

The  water,  sewage,, effluents,  etc.,  collected  at  Lawrence  with  all 
precautions,  have  thus  been  brought  more  or  less  directly  to  the 
laboratory,  and  there  planted.  The  method  used  in  cutivating  the 
germs  was  the  familiar  method  of  **  gelatin  plate  culture,"  devised 
by  Koch  in  1881.  One  cubic  centimeter  of  the  water  is  thoroughly 
mixed  in  a  test  tube  with  a  much  larger  amount  of  melted  nutrient 
gelatin  already  previously  sterilized,  and  the  mixture  is  then  poured 
out  on  a  carefully  levelled  glass  plate.  This  is  protected  from  the 
air,  and  is  set  away  under  suitable  conditions  of  temperature  and 
moisture.  Each  living  germ  originally  present  in  the  water,  finding 
itself  under  remarkably  favorable  conditions  for  development,  multi- 
plies rapidly,  and  eventually  forms  a  little  group  or  colony  about 
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itself  in  the  stiffened  gelatin.  In  the  course  of  two  or  three  days 
these  colonies  are  visible  to  the  naked  eye,  and  are  counted  and 
examined  with  special  apparatus.  If  desirable,  portions  of  the  indi- 
vidual colonies  are  transferred  to  fresh  nutrient  media,  for  study  as 
"  pure  cultures."  A  full  description  of  the  methods  employed  in 
the  study  of  such  systematic  cultivations  will  be  found  in  the  Eepoi-t 
of  Mr.  Jordan,  in  section  V. 

At  the  suggestion  of  Dr.  T.  M.  Prudden,  we  have  more  recently 
adopted,  in  place  of  the  glass  plates  above  mentioned,  small  double 
dishes  (the  so-called  Petri  dishes),  having  an  inner  diameter  of 
about  10  centimeters,  and  a  depth  of  1.0  centimeter.  These  are 
found  to  save  a  very  large  amount  of  time  in  planting,  but  are 
slightly  more  inconvenient  when  it  is  necessary  to  count  the  colonies. 
Esmarch  roll-tubes  have  not  been  used,  because  of  the  awkwardness 
and  delay  in  handling  largo  numbers  of  samples,  because  of  the 
very  serious  drawbacks  from  liquefying  colonies,  and  the  difficulty 
of  counting. 

All  pipettes,  plates,  double  dishes  and  other  pieces  of  apparatus 
used  are  first  carefully  sterilized,  by  heating  to  165°  to  195°  C,  for 
an  hour  and  a  half.  At  the  outset  this  sterilization  was  done  with 
the  ordinary  hot-air  sterilizer ;  but  this  was  soon  discarded  for  a 
simple  form  of  gas  stove.  The  stove  is  of  the  pattern  known 
as  the  "  Cone,'*  and  is  sold  by  the  Dinsmore  Manufacturing  Com- 
pany, Boston.  Apart  from  the  comparatively  small  cost  of  this 
stove,  we  have  found  it  distinctly  more  satisfactory  than  the  hot-air 
sterilizers  commonly  in  use. 

The  gelatin  used  for  a  nutrient  culture  medium  is  prepared  accord- 
ing to  the  standard  receipt.  A  pound  of  meat,  freed  as  far  as  possible 
from  fat,  is  allowed  to  soak  for  some  twenty-four  hours  in  a  liter  of 
water.  The  meat  extract  is  then  poured  off,  and  1  percent.  (10 
grams)  of  peptone  as  colorless  as  possible,  \  per  cent,  (five  grams) 
of  salt,  and  10  per  cent.  (100  grams)  of  gelatin  are  added.  In 
hot  weather  it  has  been  found  advantageous  to  use  15  per  cent, 
of  gelatin.  The  whole  mixture  is  boiled  for  thirty  minutes,  and 
then  rendered  slightly  alkaline  with  sodium  carbonate.  After  boil- 
ing for  about  forty  five  minutes  longer,  the  liquid  is  filtered  through 
flannel,  and  then  through  several  layers  of  absorbent  cotton.  The 
clarified  gelatin  is  next  drawn  off  into  test  tubes,  which  are  tightly 
plugged  with  cotton,  and  sterilized,  by  heating  in  a  steam  bath  for 
thirty  minutes  at  a  time,  on  three   successive  days.     The  steam 
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sterilizer  used  by  us  for  this  purpose  is  the  Arnold  automatic 
steam  sterilizer,  now  in  use  in  a  number  of  bacteriological  labora- 
tories in  this  country.  It  may  be  obtained  from  Wilmot,  Castle 
&  Co.,  Rochester,  N.  Y. 

For  planting  sewages,  and  effluents  suspected  to  contain  large 
numbers  of  bacteria,  we  have  used  the  method  of  dilution.  One 
cubic  centimeter  of  the  substance  to  be  examined  is  thoroncrhlv 
mixed  with  99  cubic  centimeters  of  sterilized  distilled  water,  and 
a  cubic  centimeter  of  this  mixture  is  then  planted  in  the  usual  way. 
The  number  of  germs  present  in  one  cubic  centimeter  of  the  sewage 
may  afterwards  be  readily  estimated. 

Sand  samples  have  been  treated  in  a  similar  manner.  A  known 
weight  of  sand  —  approximately  a  gram  —  is  digested  and  mixed 
by  agitation  for  a  few  minutes  in  a  known  weight  of  sterilized  dis- 
tilled water  (99  cubic  centimeters),  and  a  cubic  centimeter  of  this 
mixture  is  planted  and  counted  as  before.  To  an*ive  at  the  number 
of  bacteria  in  a  gi*am  of  the  sand  is  then  a  matter  of  simple  calcala- 
tion.  Sewage  examinations  are  usually  done  in  duplicate,  and  the 
average  of  the  two  counts  is  reported. 

IV.     The  Micro-Organisms  of  Sewage. 
The  sources  of  the  sewage,  its  chemical  composition,  and  the 
details  of  its  application  to  the  experimental  filters,  have  already 
been  described  (pp.  3,  4,  88-121,  etc.).     The  micro-organisms  of 
the  sewage  alone  remain  to  be  dealt  with  here. 

A.  —  J7ie  Microscopical  Organisms. 
A  review  of  the  results  of  the  microscopical  examinations  of 
sewage  shows  that,  of  all  the  organisms  present  (except  the  bac- 
teria, which  will  shortly  be  discussed),  the  most  constiint  and  the 
most  abundant  in  Lawrence  sewage  is  yeast.  In  fact,  yeast  is  so 
constant  that  it  may  safelj'^  be  said  that  it  is  never  absent,  but  varies 
from  1,000  to  300,000  cells  per  cubic  centimeter.  An  average  of 
thirty  analyses,  extending  over  six  months,  has  given  32,000  per 
cubic  centimeter,  and  this  probably  represents  a  fair  estimate  of  the 
average  number  of  cells.  The  yeast  appears  to  be  the  common 
domesticated  species  {Saccharomyces  cerevisicB^  Meyen),  and  in  the 
sewage  is  for  the  most  part  alive,  though  apparently  not  in  a 
normal  condition,  since  the  cells  are  usually  small  and  somewhat 
shrunken.     They  come,  probably,  from  the  breweries  in  the  city, 
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which  doubtless  empty  some  of  their  surplus  yeast  into  the  sewers, 
as  well  as  from  the  \rashings  of  beer  glasses  or  bread  bowls,  and 
similar  public  and  private  or  domestic  sources. 

To  distinguish  living  from  dead  yeast,  the  following  method  has 
been  employed :  It  is  a  well-known  fact  that  living  protoplasm  does 
not  ordinarily  become  stained  with  the  dyes  used  in  microscopic 
work.  If  it  stains  readily,  as  it  does,  for  example,  with  iodine 
dissolved  in  potassium  iodide,  it  is  simply  because  the  dye  has 
almost  instantly  killed  the  protoplasm,  and  then  quickly  stained  it. 
By  the  use  of  a  dye  which  does  not  easily  kill  the  protoplasm,  we 
may  therefore  discover  whether  the  latter  is  dead  or  alive ;  for,  if  it 
be  alive,  it  will  remain  colorless,  while,  if  it  be  dead,  it  will  become 
stained.  Eosine  is  a  dye  of  this  kind,  and  in  weak,  watery  solution, 
is  an  effective  test  of  the  vital  condition  of  protoplasm.  A  simple 
test  of  ordinary  commercial  yeast  will  serve  to  show  that,  while 
most  of  the  cells  are  alive,  some,  here  and  there,  stain,  thus  show- 
ing that  they  are  dead.  A  moment's  boiling,  however,  will  serve  to 
produce  a  condition  in  which  all  readily  stain. 

Applying  this  method  to  the  yeast  in  fresh  sewage,  such  as  is 
supplied  to  the  tanks,  we  find  that  it  is  mostly  alive ;  and  yeast  in 
•the  same  condition  may  often  be  found  in  abundance  upon  the 
surface  sand  grains  of  tanks  composed  of  very  fine  sand,  and 
recently  flooded  with  sewage.  It  seems,  however,  to  be  very 
readily  destroyed ;  for,  below  a  depth  of  two  or  three  inches  in 
such  tanks,  it  is  seldom,  if  ever,  detected.  At  the  depth  of  half  an 
inch  it  appears  to  be  undergoing  dissolution,  and,  by  some  process 
not  yet  understood,  it  is  evidently  digested,  as  it  were,  in  the 
uppermost  layer  of  the  filters.  It  is  continually  being  added  in 
vast  numbers,  and  apparently  is  as  rapidly  destroyed.  Moreover, 
even  from  filters  of  coarse  sand  or  pebbles,  it  escapes,  if  at  all,  only 
in  greatly  diminished  numbers. 

Besides  yeast,  sewage  contains,  nearly  always,  more  or  less  abun- 
dant amorphous  masses  of  a  yellowish-brown  *color,  visible  only 
under  the  microscope.  There  is  no  doubt  that  most  of  these 
are  composed  of  groups  or  **  families"  of  living  bacteria,  the  cells 
of  which  have  been  converted  into  an  intercellular  substance  of  a 
more  or  less  gelatinous  character.  Such  masses  occur  frequently 
under  certain  conditions,  and  are  known  as  zoogloea.  They  may 
occur  fresh,  in  gelatinous  lumps,  or  in  thin  pellicles  covering  the  sur- 
faces of  fluids ;  or  they  may  be  old  and  shrunken,  distorted  almost 
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beyond  recognition,  and  at  length  even  deserted  by  the  bacteria 
which  originally  formed  them.  They  are  colorless  when  fresh  and 
young,  but  when  older  are  apt  to  be  tinged  brownish  with  a  deposit 
of  the  oxide  of  iron.  The  pellicles,  in  particular,  shrivel  and  change 
so  as  to  bo  scarcely  recognizable,  and  many  fragments  apparently 
in  this  condition  are  to  be  found  in  sewage.  The  masses  are  pro- 
duced by  the  swelling  of  the  outer  portion  of  the  cell  walls  of  the 
bacteria,  and  are  hence  believed  to  be  closely  related  to  cellulose  in 
their  principal  chemical  composition.  It  might  be  supposed,  there- 
fore, that  they  should  be  comparatively  indestructible ;  and  this 
appears  to  be  the  case.  It  is  probably  largely  owing  to  their  pres- 
ence that  a  continuous  filter  clogs  so  rapidly  with  sewage ;  while  their 
destruction  by  the  oxidations  of  intermittent  filtration  is  probably  an 
essential  condition  of  the  successful  operation  of  the  latter. 

Besides  yeast,  which  is  always  present,  and  other  fungi,  such  as 
Leptothrix,  which  occur  not  infrequently,  the  infusoria  deserve 
special  mention.  Both  ciliata  and  flagellata  are  represented,  the 
latter  perhaps  most  frequently.  Among  the  ciliata,  Paramoecium  is 
specially  conspicuous,  while  the  principal  representatives  of  the 
flagelliita  have  been  monads  (Monas,  Trachelomonas)  and  Euglena. 
We  find  al»o,  rarely,  Anguillula,  —  probably  the  vinegar  eel, — 
Oscillaria,  starch-grains,  insect  remains,  and  some  appai-ently  inor- 
ganic sediment.  Diatoms  are  scarcely  ever  found,  possibly  because 
they  have  died  from  lack  of  oxygen,  which  is  wanting  in  sewage, 
and  have  sunk  to  the  bottom  of  the  sewers  along  with  the  sand 
grains,  etc.  (See  p.  34.)  The  entomostmca,  rliizopoda  and  algje 
are  extremely  rare,  if  thoy  ever  occur.  This  is  not  strange,  since 
they  are  inhabitants  of  clean,  fresh  water,  and  probably  require 
free  oxygen  for  their  existence.  As  long  ago  as  1850,  Dr.  Hassall 
observed  that  fishes  placed  in  sewage  died  as  if  in  the  air.  There 
is  no  doubt  that  they  were  suffocated  by  the  absence  of  oxygen 
in  the  sewage ;  and  by  analogy  we  can  readily  conceive  how  certain 
organisms  in  city  water,  requiring  (and  finding  there)  abundant 
oxygen,  must  perish  quickly  in  sewage.  The  algae  might  speedily 
change  beyond  recognition,  and  the  diatoms  might  settle  to  the 
bottom.  By  comparing  the  microscopical  results  obtained  from  sew- 
age with  those  obtained  from  city  water,  it  appears  that  the  diatoms 
and  algae  of  the  latter  are  almost  wholly  absent  in  the  former.  It  is 
likely  that  the  comparatively  heavy  diatoms  are  deposited  in  the 
slow-flowing  streams  of  the  sewers,  and  that 'the  algae  are  deconi* 
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posed  beyond  definite  recognition.  Yeast  and  zoOgloeae  are  specifi- 
cally light,  and  tend  to  float  or  to  remain  suspended ;  and  hence, 
no  doubt,  are  the  more  readily  transported  in  the  sewage. 

By  reference  to  the  tables  of  the  chemical  composition  of  filtered 
and  unfiltered  sewage  (see  pp.  88-121,  and,  especially,  p.  36),  it 
will  be  seen  that,  as  might  be  supposed,  a  portion  of  the  albu- 
minoid ammonia  is  held  back  by  filter  paper.  The  source  of  this 
albuminoid  material  is  probably  largely  in  the  amorphous  masses 
just  described,  —  the  yeast,  Leptothrix,  infusoria,  and  other  organ- 
isms, including  vast  numbers  of  bacteria  present  in  the  sewage.  It 
should  not  be  forgotten,  however,  that  filter  paper  fails  to  remove 
completely  the  finest  particles  of  suspended  matter,  as  is  shown 
beyond  in  dealing  with  the  removal  of  bacteria  by  filtering  sewage. 
It  is  hoped  that  we  shall  soon  be  able  to  establish  more  precisely 
the  relations  between  the  results  of  microscopical  examination  and 
the  albuminoid  ammonia  in  suspension,  in  water  or  in  sewage. 

B.  —  The  Bacterial  Organisms  of  Sewage. 

As  has  just  been  seen,  the  microscopical  organisms  of  sewage, 
barring  yeast,  are  comparatively  few.  When  we  turn  to  the 
bacterial  organisms,  however,  we  find  the  niimbers  enormous. 
Between  November,  1888,  and  November,  1889,  126  bacterial 
analyses  of  Lawrence  sewage  were  made,  and  the  average  number 
of  living  bacteria  found  was  708,000  per  cubic  centimeter.  The 
extremes  were  102,400  on  Feb.  27,  1889,  and  3,963,000  on 
April  16.  Of  the  entire  number  of  duplicated  analyses  (63),  14 
contained  more  than  1,000,000  germs  per  cubic  centimeter ;  while 
in  30  the  numbers  were  below  500,000,  The  numbers  were  com* 
paratively  high  in  April,  May  and  June,  and  comparatively  low 
from  December  tg  April. 

Among  the  large  number  of  species  observed,  several  of  those 
that  seemed  to  be  the  more  important  and  characteristic  have  been 
selected  for  the  most  thorough  study  by  Mr.  Jordan,  whose  report 
upon  them  is  given  beyond  (see  section  V.).  It  is  believed  that, 
though  necessarily  limited  in  scope,  his  results,  illustrated  as  they 
are  by  photogravures  prepared  from  actual  photographs,  constitute 
an  important  contribution  to  our  knowledge  of  the  bacteria  of 
sewage,  and  must  prove  of  great  value  in  further  investigations 
upon  sewage  purification,  as  well  as  in  followmg  the  behavior  of 
pathogenic  bacteria  in  sewage,  soils  or  water. 
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The  interpretation  of  the  foregoing  results  of  examinations  of  the 
microscopical  and  bacterial  composition  of  sewage  is  not  difficult. 
The  organisms,  small  and  great  alike,  contribute  to  the  large  quan- 
tity of  organic  matter  always  present  in  sewage.  Filter  paper 
removes  many  of  them,  although  some  of  the  bacteria  easily  pass 
through  it.  Two  experiments  in  this  direction  gave  the  following 
results :  — 

Removed  of  Bacteria  from  Sewage  by  Filter  Paper. 


Colooks 

of  Bacteria  per 

Cable 

CentJarter. 


Feb.  7, 
7, 
12. 
12. 


Sewage  nnflltered, 

Sewage  flUered  through  paper, 

Sewage  unftltered, 

Sewage  filtered  through  paper, 


173,»30 
89,100 

lM.flOO 
2S.100 


These  figures  show  a  reduction  of  78  per  cent,  and  82  per  cent, 
respectively. 

The  presence  of  bacteria  in  sewage  in  such  enormous  numbers 
is  also  a  token  of  the  nature  of  sewage.  Sewage  is  a  putrefying 
fluid,  and  the  bacteria  are  the  agents  of  its  putrefaction.  They  are 
contained  in  the  city  water,  from  which  sewage  is  largely  made, 
to  the  extent  of  one  or  two  hundred  per  cubic  centimeter ;  but  in 
the  washings  of  streets,  in  milk  and  certain  other  food  products, 
and  in  the  excreta,  they  are  much  more  abundant.  They  unques- 
tionably multiply  enormously  in  the  upper  parts  of  sewers,  in 
drains,  etc.,  under  the  favorable  conditions  which  prevail  there. 
But,  although  the  city  water  contains  much  free  oxygen,  and  the 
sewers  are  more  or  less  in  contact  with  air,  so  rapid  is  the  growth 
of  the  bacteria,  and  so  vigorous  is  their  respiration  and  oxidizing 
power,  that  even  fresh  sewage  contains  no  free  oxygen.  Yeast 
also  respires  vigorously,  and  doubtless  does  much  to  reduce  the 
available  oxygen  arriving  in  the  city  water,  or  otherwise.  Under 
ordinary  circumstances,  the  bacteria  are  unable  in  fresh  sewage  to 
oxidize  the  nitrogen  of  organic  matters.  The'  carbon  is  freely 
oxidized,  and  the  nitrogen  of  the  nitrogenous  bodies  is  carried 
over  to  free  ammonia  more  or  less  completely,  but  no  nitrites  or 
nitrates  are  found  in  fresh  sewage.  On  the  contrary,  if  nitrates  be 
added  to  sewage  they  are  speedily  reduced,  and  the  living  bacteria 
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appear  to  be  the  special  reducing  agents,  since  the  experiment  fails 
if  the  sewage  be  previously  sterilized.  This  reduction  of  nitrates 
testifies,  apparently,  to  the  powerful  affinity  of  bacteria  for  oxygen, 
at  least  in  the  presence  of  organic  matter.  It  is  known  that  yeast 
will  reduce  the  oxyhjemoglobin  of  arterial  blood,  even  when  sepa- 
rated from  the  blood  cells  by  a  delicate  partition  of  goldbeater's 
skin ;  and  there  is  good  reason  to  believe  that  bacteria  are  equally 
powerful  as  reducing  agents. 

It  should  be  added,  however,  that  some  of  the  bacteria  in  sewage 
appear  to  be  able  to  survive  for  a  very  long  time  even  in  the  com- 
plete absence  of  free  oxygen.  Bottles  of  sewage  completely  filled 
in  order  to  exclude  air,  have  shown,  even  after  prolonged  standing 
for  several  weeks,  many  thousands  of  bacteria  per  cubic  centimeter. 

Enough  has  been  said  to  show  conclusively  that  sewage  is  well 
adapted  to  the  growth  of  many  kinds  of  bacteria.  It  is  proposed 
in  the  near  future  to  make  special  studies  of  the  behavior  of 
disease  germs  in  sewage.  (For  tables  of  the  results  of  the  bacterial 
examination  of  sewage,  see  p.  60.) 

V. 

A  Report  on  Certain  Species  of  Bacteria  observed  in  Sewage. 

Br  EDWIN  O.  JORDAN,  S.B.,  Chief  Assistant  Biologist. 

with  iUuBlratlooi,  from  pbotograplu  made  by  B.  R.  Ahdbbwb,  D.DJ3.,  Cambridge.  Mara. 

The  identification  of  known  species  of  bacteria,  and  the  study  of 
the  new  species  found  in  the  sewage  and  water  examined,  have,  from 
the  start,  been  recognized  as  matters  of  high  importance.  The  press 
of  other  problems,  however,  of  a  more  general  and  more  fundamental 
nature,  has  left  comparatively  little  opportunity  for  advancing  this 
particular  line  of  work.  Nevertheless,  something  in  the  way  of 
species  investigation  has  been  done. 

I  desire  at  the  outset  to  acknowledge  my  obligation  to  Prof.  W. 
T.  Sedgwick.  The  following  studies  of  specific  bacteria,  as  well  as 
the  biological  portion  of  the  work  upon  nitrification  and  the  nitrifying 
organisms,  recorded  beyond,  have  been  carried  out  in  his  labora- 
tory, and  have  been  made  possible  by  his  constant  interest  and 
co-operation. 

The  methods  employed  have  been  the  usual  ones  of  the  modem 
Berlin  school.  The  isolation  of  a  single  species  —  the  obtaining  of 
a  "  pure  culture  "  -^  has  been  carried  out  as  follows  :     After  a  sample 
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of  water  has  been  mixed  with  the  nutrient  gelatin,  and  the  mixture 
poured  out  upon  a  sterilized  glass  plate,  the  living  germs  present  in 
the  water  form  groups  or  colonies  of  bacteria,  which  soon  become 
visible  to  the  naked  eye.  '  Each  colony  is  of  a  single  species,  since  it 
springs  from  a  single  parent  germ.  A  small  bit  of  one  of  these 
colonies  is  removed  on  the  point  of  a  straight,  sterilized  platinum 
needle,  and  transferred  to  a  tube  of  melted  gelatin.  From  this  a 
second  transfer  is  made,  to  another  tube  of  melted  gelatin,  and  from 
this  again  to  a  third  tube.  These  three  tubes  of  melted  gelatin, 
which  have  thus  been  successively  inoculated,  are  at  once  poured  out 
on  plates  in  the  usual  way.  The  colonies  that  appear  in  a  few  days 
are  then  studied  and  described,  and  fresh  transfers  are  made  to  tuljes 
of  gelatin,  agar,  bouillon,  milk  and  potato.  There  is  now  absolute 
certainty  that  we  are  dealing  with  one  species,  and  one  only,  —  pro- 
vided, of  course,  the  usual  rigid  precautions  are  observed.  The 
modes  of  growth  on  the  different  culture  media  are  then  carefully 
studied,  and  are  regarded  as  so  many  diagnostic  characters,  which 
aid  in  determining  each  bacterial  species.  The  morphology  of  the 
bacterium,  its  motility  and  spore  formation,  its  need  of  oxygen^  its 
behavior  at  certain  temperatures,  and  its  physiological  characters, 
are  then  studied  as  the  individual  case  allows.  We  are  thus  at  length 
enabled  to  give  a  fairly  full  description  of  a  particular  species,  and 
incidentally  to  determine  whether  it  has  already  been  described  and 
named. 

It  was  decided  to  confine  this  work  for  the  present  mainly  to  the 
determination  of  the  species  found  in  sewage-  Lawrence  sewage 
might  naturally  be  expected  to  contain :  (a)  species  present  in 
the  water  of  the  Merrimac  River  and  of  the  wells,  springs,  etc., 
used  for  household  purposes ;  (b)  species  whose  home  is  in  the 
various  substances  that  go  to  make  up  sewage,  i.  e.,  in  putrescent 
matters  generally ;  (c)  species  falling  into  sewage  from  the  air,  and 
finding  there  suitable  conditions  for  development  and  growth ;  (d) 
species  normally  present  in  the  upper  layers  of  the  soil.  It  is  clear 
that  no  hard  and  fast  line  can  be  drawn  between  these  several 
classes.  The  so-called  '*  air-bacteria"  are  simply  those  bacteria 
which  are  able  to  resist  drying,  and  are  probably  i  lentical  with 
species  occurring  in  soil  and  in  water.  It  does  not  seem  likely  that 
these  ''  air-bacteria"  find  suitable  conditions  for  development  in  the 
air  itself;  they  are  merely  on  the  watch,  as  it  were,  for  organic 
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matter  upon  which  to  feed.  Again,  the  group  of  *' water-bacteria**  is 
undoubtedly  chiefly  composed  of  species  from  the  soil  and  from  decay- 
ing substances.  The  species  in  these  several  classes  are  different, 
because  their  conditions  of  life  — food,  temperature,  etc.  —  are  differ- 
ent in  the  different  habitats. 

The  sewage  itself— a  nutritive  medium  of  varying  composition 
and  richness  —  will  contain  only  those  species  capable  of  living  and 
holding  their  own  in  the  continual  struggle  for  existence.  So  far 
as  the  conditions  of  life  in  sewage  differ  from  conditions  of  life  - 
elsewhere,  so  fur  will  the  sewage  be  inhabited  by  species  peculiarly 
adapted  to  those  conditions ;  just  as  we  find,  for  example,  that,  among 
the  multitude  of  bacteria  taken  into  the  human  alimentary  canal, 
only  a  few  species  normally  find  fit  conditions  for  development. 
The  chemical  composition  of  the  sewage  undoubtedly  debars  some 
species  from  taking  part  in  the  contest.  Many  species  also  which 
would  perhaps  grow  in  sterilized  sewage  are  not  able  to  exist  in  the 
presence  of  other  and  more  powerful  forms. 

There  is,  then,  good  reason  for  speaking  of  **  sewage-bacteria," 
/.  e.,  those  bacteria  normally  found  in  sewage,  and  composing  its 
special  flora.  Whether  or  not  these  forms  constitute  a  class,  as 
distinct  as  the  **  water-bacteria"  and  *'  air-bacteria,"  is  a  matter  for 
further  determination.  At  all  events,  there  is  much  to  be  gained 
from  the  study  of  sewage-bacteria  as  such.  It  is  now  generally 
believed  that  they  are  the  active  agents  in  the  purification  of  sew- 
age ;  that  they  carry  the  organic  nitrogen  (albuminoid  ammonia) 
step  by  step  through  free  ammonia  and  nitrites  to  the  inert,  fully 
oxidized  nitrates.  It  becomes,  therefore,  highly  important  to  dis- 
cover the  organisms  most  active  in  bringing  about  this  purification, 
and  to  determine  as  fir  as  possible  the  conditions  under  which  they 
work  most  eflSciently.  With  this  end  in  view,  a  number  of  experi- 
ments with  specific  bacteria  have  been  carried  on  in  conjunction  with 
the  chemists  of  the  Board,  and  some  highly  interesting  and  valuable 
results  have  already  been  obtained.  The  length  of  time  required 
for  experiments  of  this  nature,  however,  compels  us  to  postpone  for 
the  present  the  full  consideration  of  this  branch  of  the  work. 

It  is  to  be  remembered,  moreover,  that  from  a  broader  sanitary 
point  of  view,  much  is  to  be  gained  by  descriptions  of  sewage- 
bacteria.  It  is  often  essential  to  determine  whether  water  has  been 
contaminated  by  sewage,  and  in  the  present  state  of  our  knowl- 
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edge  this  is  generally  impossible  from  a  bacterial  examination  alone. 
It  may  be  said,  roughly,  that  a  large  number  of  different  species  of 
bacteria  is  indicative  of  sewage  contamination.  The  occurrence  of 
some  few  specific  forms,  such  as  Bacillus  colt  commune^  for  example, 
has  been  usually  held  to  indicate  the  presence  of  sewage  in  the  water ; 
but  it  is  evident  that  any  such  sweeping  statement  is  attended  with 
considerable  risk.  As  regards,  for  example,  the  very  group  of 
bacteria  which  includes  B.  coli  commune^  the  typhoid  bacillus  and 
other  allied  forms,  bacteriologists  themselves  are  in  much  confusion. 
There  are  at  least  sixteen  or  seventeen  kinds  of  closely  allied  bac- 
teria which  give  almost  exactly  similar  colonies  on  a  gelatin  plate. 
We  ourselves  have  found,  in  spring  water  which  was  beyond  any 
suspicion  of  contamination,  bacteria  which,  in  form,  size,  growth  on 
gelatin,  potato,  etc.,  were  indistinguishable  from  B,  coli  commune. 
It  has  also  been  asserted  recently  that  B.  coli  commune  itself  may, 
under  certain  circumstances,  act  as  a  pathogenic  micro-organism.* 

It  is  evident,  then,  that  a  study  of  the  sewage-bacteria  as  such 
may  throw  light  on  the  vexed  question  of  the  possible  pollution  of 
water  supplies ;  for,  if  certain  species  are  found  to  be  characteristic 
of  sewage,  and  are  never  found  in  uncontaminated  sources,  then  the 
presence  of  these  typical  *' sewage-bacteria"  in  any  given  water 
supply  will  indicate  undoubted  pollution.  We  may  perhaps  look 
forward  to  the  time  when  the  bacteriologist  will  be  able  to  say,  of 
a  given  water :  Such  and  such  species  of  bacteria  are  present,  there- 
fore, at  some  time  sewage  must  have  entered  this  water ;  or,  on  the 
other  hand  :  Only  those  species  are  present  which  are  always  found 
in  pure,  uncontaminated  water.  Whether  this  comes  to  pass  or  not,  it 
is  evidently  highly  important,  along  with  the  study  of  the  bacteria  in 
sewage,  to  study  also  the  kinds  of  bacteria  living  in  pure,  natural 
waters,  which  are  beyond  any  suspicion  of  sewage  contamination, 
and  we  hope  soon  to  make  a  beginning  in  this  direction. 

With  these  practical  sanitary  ends  clearly  in  view,  we  have  made 
a  thorough  study  of  twelve  of  the  more  interesting  species  found  in 
the  sewage  and  filter  tanks,  and  full  descriptions,  with  figures,  are 
given  below.  We  have  preferred  to  devote  considerable  time  to  a 
few  species,  rather  than  to  describe  imperfectly  a  larger  number. 

The  problem  of  the  distribution  of  different  species  of  bacteria  in 
the  effluents,  sands  of  the  filter  tanks,  etc.,  though  of  great  interest, 

•  Centralbl.  f  ttr  Bakteriologie,  VI.,  Bd.  No.  16,  p.  443. 
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is  far  too  complex  to  be  settled  by  a  few  scattered  observations.  A 
few  general  statements  are  all  we  feel  justified  in  making  at  this 
stage  of  the  work. 

A  striking  and  highly  remarkable  circumstance  is  the  comparative 
absence  of  micrococci,  or  spherical  bacteria,  from  the  sewage  and 
effluents.  So  far  as  our  experience  has  gone,  cocci  rarely  occur  in 
sewage.  P.  F.  Frankland  has  already  noted  the  fact  that  cocci 
usually  predominate  in  air,  while  bacilli  are  the  prevailing  forms  in 
water.     All  our  work  goes  to  confirm  this  statement. 

Moulds  are  found  rarely  in  the  sewage  and  effluents.  In  the  sand 
of  the  tanks  they  have  been  found  to  the  depth  of  two  inches,  but 
seldom  below  that  depth.  If  present  at  all,  they  are,  as  might  be 
expected,  most  numerous  in  the  first  quarter  inch  of  the  sand,  and 
to  that  depth  are  often  found  in  considerable  abundance. 

The  bacterial  flora  of  the  sewage  is  large  and  varied.  The  two 
most  common  species  in  Lawrence  sewage,  so  far  as  our  experi- 
ence has  gone,  are  B.  coli  commune  and  the  form  we  have  called 
B.  cloacce.  These  two  are  always  present  in  considerable  numbers 
in  every  sample  of  sewage  examined,  and  usually  outnumber  other 
forms.  B.  coli  commune  is  a  well-known  species  that  inhabits  the 
human  alimentary  canal,  and  would  therefore  be  expected  to  occuV 
in  sewage.  B.  cloacce  is  here  described  for  the  first  time.  The 
difiercnt  foriiis  of  Proteus  described  by  Hauser  *  have  also  been 
frequently  observed  in  sewage,  and  occasionally  in  the  effluents  and 
sand  from  sewage  tanks.  Other  forms  of  bacteria  found  more  or 
less  frequently  by  us  in  the  sewage  are  described  below.  The  work 
of  describing  and  identifying  the  bacteria  in  sewage  still  continues. 

The  examination  of  the  sands  of  the  filter  tanks  has  yielded  some 
interesting  facts.  There  is  always  a  falling  off  in  the  numbers  of 
bacteria  on  going  from  the  surface  to  the  bottom  of  the  tank,  and 
it  is  to  be  noted  that  this  decrease  is  by  no  means  equally  dis- 
tributed among  all  species.  There  are  some  species  present  in 
abundance  in  the  top  layers,  which  never  make  their  appearance 
in  sand  taken  from  a  considerable  depth.  In  a  general  way  it  may 
be  said  that  the  liquefying  species  are  fewer  in  proportion  at  the 
bottom.  The  larger  number  of  the  species  which  possess  the  power 
of  liquefying  gelatin  appear  to  perish  before  reaching  the  lower 
layers  of  the  sand.      This,  however,  is  not  invariably  the  case. 

*  G.  Hauser.    Ueber  Fauliussbacterieny  Leipzig,  1885. 
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Occasionally  a  single  species  has  been  found  to  predominate  in  cer- 
tain layers  of  the  sand,  and  has,  as  in  one  instance,  been  found  as  a 
"  pure  culture"  in  all  samples  of  sand  taken  from  twenty  to  thirty- 
six  inches  below  the  surface.  That  this  is  only  a  transient  condition, 
has  been  proved  by  subsequent  examinations,  which  have  shown  the 
same  layers  to  be  populated  by  several  new  kinds  of  bacteria,  or 
even  usurped  by  another  distinct  si^ecies.  Probably  varying  con- 
ditions of  food  and  temperature  give  opportunity  now  for  one 
species,  now  for  another  to  hold  the  chief  place. 

We  have  not  as  yet  been  able  to  trace  any  certain  relations 
between  the  species  found  in  the  sands  of  the  various  tanks  and  the 
species  found  in  the  effluents  from  those  tanks.  All  the  species 
found  in  the  sands  have  at  some  time  or  other  been  found  in  the 
effluents.  On  the  other  hand,  some  species  are  found  in  the  effluents 
which  have  never  been  detected  in  samples  of  sand.  This  is  the 
result  we  should  naturally  expect  from  the  relatively  smaller  number 
of  sand  samples  examined.  One  species  —  B.  delicatulus  —  was  at 
one  time  frequently  found  as  a  nearly  pure  culture,  both  in  the  sand 
and  effluent  of  Tank  No.  VI.  Other  species  —  as  B.  vbiquUuSy 
B,  doacoR  and  B.  hyalinus  —  have  been  frequently  found  both  in  the 
sands  and  in  the  effluents  of  seveml  filter  tanks. 

The  study  of  the  sewage-bacteria  also  throws  light  upon  the 
question  as  to  whether  or  not  the  bacteria  come  through  the  sand. 
Certain  tanks  —  as  Tank  No.  I.  and  Tank  No.  VI.  —  have  shown 
at  times  unmistakable  relations  between  the  species  found  in  the 
effluents  and  the  species  normally  present  in  Lawrence  sewage,  — 
Proteus^  B.  doaccBy  B.  coli  commune^  et  al.j  being  found  in  abun- 
dance in  the  effluents.  In  Tank  No.  II.,  on  the  other  hand,  when 
in  its  best  condition,  the  few  species  occurring  in  the  effluent  are 
such  as  might  easily  come  from  the  air. 

The  work  of  identifying  the  forms  of  bacteria  isolated  by  us,  with 
those  already  described  by  other  investigators,  has  been  neither  an 
easy  nor  a  satisfactory  task.  Many  descriptions  of  bacterial  species 
are  Jiidden  away  in  obscure  foreign  journals  and  official  reports, 
which  have  not  been  within  our  reach.  Other  descriptions  are  not 
merely  incomplete,  but  are  so  imperfect  that  it  is  wholly  impossible 
to  determine  whether  or  not  the  species  so  described  is  the  same  as 
the  one  we  are  comparing  with  it.  We  are  therefore  compelled  to 
ignore  entirely  all  such  partial  descriptions,  since  there  can  never 
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be  absolute  certainty  that  we  are  dealing  with  exactly  similar  forms, 
unless  all  characters  agree.  One  bacterial  species  may  agree  with 
another  in  many  points,  yet  a  difference  in  a  single  point  may  be 
enough  to  martc  a  specific  distinction.  The  reason  for  this  difficulty 
is  not  far  to  seek. 

It  is  a  well-established  rule  that  classification  must,  if  possible,  be 
based  on  form  rather  than  on  function,  the  reason  being  that,  while 
function  can  readily  be  changed,  form  is  comparatively  permanent. 
This  rule  holds  good  through  all  the  higher  forms  of  life.  When 
we  come  to  deal  with  bacteria,. however,  we  find  that  form  fails  us 
as  a  basis  of  classification ;  for,  even  with  the  strongest  powers  of 
the  microscope,  bacteria  bhow  remarkably  similar  shapes.*  One 
kind  differs  in  form  from  another  kind  only  in  very  slight  particu- 
lars, and  in  many  cases  we  are  not  able  to  detect  any  difference 
whatever.  For  instance,  it  is  well  known  that  it  is  very  difficult 
to  distinguish  the  typhoid  bacillus  from  B.  coli  commune^  and  that 
in  the  last  resort  we  must  place  our  chief  reliance  on  the  peculiar 
growth  of  the  typhoid  bacillus  upon  potato.  Thus  it  happens  that, 
in  the  case  of  bacteria,  organisms  in  which  the  usual  data  of  classi- 
fication are  wanting,  we  are  forced  to  adopt  physiological  charac- 
ters—  i.  e.,  habits,  effects,  etc.  —  as  a  means  for  distinguishing  one 
species  from  another.  The  bacteriologist,  unable  to  rely  on  the 
likenesses  and  differences  shown  by  individuals,  must  study  his 
specimens  in  bulk,  and  must  distinguish  between  different  species 
chiefly  by  their  varying  habits  of  life,  and  by  their  effects  and 
appearances  upon  various  nutritive  media.  The  art  of  species 
investigation  thus  becomes  largely  a  matter  of  naked-eye  observa- 
tion of  masses  of  individuals,  and  of  chemical  tests.  The  x)ecu- 
liarities  of  this  mode  of  procedure  render  it  absolutely  necessary 
to  record  a  large  number  of  the  physiological  characteristics  of  a 
species,  if  we  are  not  to  fall  into  endless  confusion  of  names  and 
descriptions.  Even  when  this  is  done,  a  surprisingly  close  resem- 
blance is  found  to  exist  between  many  species  of  bacteria.  P.  F. 
Franklandf  has  found  that  B.  subtilia  and  B,  cei*eu8y  although  closely 
alike  in  most  respects,  differ  in  their  ability  to  reduce  nitrates.  The 
highly  significant  work  of  Hueppe  and  Woodf  points  the  same  way, 
and  leads  us  to  emphasize  the  conclusion,  that,  unless  a  large  num^ 

•  For  example,  compare  Fig.  2a,  Plate  I.,  with  Fig.  6c,  Plate  II. 

t  "  Journal  of  the  Chemical  Society,"  Trans    Vol.  LIII ,  1»S8,  p.  878. 

♦  ••  The  Lancet,"  Vol.  II.,  1889,  p.  1162. 
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ber  of  the  characters  of  a  species  are  recorded^  it  is  useless  to  attempt 
systematic  comparison  of  one  species  with  another. 

There  is,  then,  abundant  reason  for  refusing  to  consider  those 
partial  and  imperfect  descriptions  of  which  there  are,  unfortu- 
nately, far  too  many.  The  species  we  are  examining  may  happen 
to  resemble  a  certain  described  species  in  form,  size,  and  habit 
of  growth  on  gelatin ;  but  we  cannot  be  sure  that  the  two  are 
really  identical,  unless  the  growth  on  potato,  the  power  of  reduc- 
ing nitrates,  etc.,  are  also  recorded.  Even  Fliigge*  and  Eisenbeigf 
in  their  generally  excellent  tables  sometimes  fail  us  in  this  matter  of 
a  complete  description  ;  i.  c,  a  description  giving  all  the  diagnostic 
characters  at  present  within  our  reach. 

It  is  only  natural  and  proper  that  the  attention  given  to  the  kinds 
of  bacteria  known  to  produce  disease  should  be  far  greater  than  that 
given  to  the  common  and  apparently  harmless  bacteria  usually  found 
in  water  and  air.  But  if  we  are  ever  to  have  accurate  knowledge 
of  the  bacteria  of  every-day  occurrence  in  drinking  water,  sewage, 
etc.,  it  is  necessary  that  the  various  species  should  be  fully  and 
carefully  described.  The  excellent  work  of  the  Franklandsf  is  of 
the  sort  that  is  needed,  and  it  has  been  our  wish  to  add  to  descrip- 
tions of  this  standard. 

In  naming  new  species,  it  has  been  our  aim  both  to  give  names 
denoting  some  salient  characteristic,  and  to  avoid  so  far  as  possible 
names  already  in  use. 

In  testing  the  effect  of  the  different  species  upon  nitrates,  we  have 
used  a  bouillon  containing  8.88  parts  (per  100,000)  of  albuminoid 
ammonia  (Merck's  peptone),  .92  parts  of  free  ammonia,  3.5  parts  of 
nitrate(KN08),  and  no  nitrite.  For  various  reasons,  ordinaiy  Bos- 
ton-tap water  (**  Cochituate")  has  been  used  for  making  the  bouil- 
lon, in  preference  to  the  solution  of  salts  in  distilled  water  employed 
by  the  Franklands.  Our  results  support  those  of  the  above-men- 
tioned investigators,  in  that  we  find  a  marked  difference  in  the 
inducing  action  of  different  species  of  bacteria.  Detailed  experi- 
ments are  in  progress,  regarding  the  effect  of  these  and  other  species 
of  bacteria  upon  nitrates,  and  these  will  probably  be  completed  in 
the  course  of  another  year.     In  no  case  have  we  found  the  slightest 

•  Flllgge,  "  Die  Mikroorganitmm,**  Leipzig,  1886. 

Eisenberg,  "  Bakteriologiache  Diagnostik"  Hambarg  and  Leipzig,  18SS. 
I  "Zelt.  far  Hygiene,"  Bd.  VI.,  Heft  3,  p.  373, 1889. 
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evidence  that  any  one  of  the  twelve  species  described  is  able  to 
bring  about  oxidation  of  ammonia  to  nitrite,  although  numerous 
and  prolonged  experiments  have  been  made  bearing  on  this  point. 
As  stated  above,  our  work  on  nitrification  forms  the  basis  of  another 
special  report  which  will  be  found  at  the  end  of  this  volume.  All 
work  with  pure  cultures,  unless  stated  otherwise,  has  been  carried 
on  at  the  temperature  of  the  culture  room  (21oC.  to  23^0.). 
Comparisons  of  rapidity  in  growth,  etc.,  have  all  been  made  at  this 
temperature,  so  that  21°  C.  to  23° C.  should  be  undei*stood  as  the 
standard  unless  some  other  temperature  is  given. 

The  nutrient  gelatin  used  in  determining  the  growth  of  a  species 
in  a  slightly  acid  medium  is  prepared  in  the  same  way  as  the 
standard  gelatin,  with  the  single  exception  that  it  is  made  slightly 
acid  with  acetic  acid  after  neutralization.  The  gelatin  is  divided 
into  two  portions  after  being  neutralized  with  sodium  carbonate. 
To  one  portion  is  added  just  enough  weak  acetic  acid  to  give  a 
slight  acid  reaction  to  litmus  paper;  the  other  portion  is  made 
slightly  alkaline  with  sodium  carbonate,  in  the  usual  way.  The 
two  portions  of  gelatin,  thus  practically  identical,  save  that  one  is 
slightly  acid  and  the  other  slightly  alkaline,  are  then  inoculated 
with  the  diflTerent  species.  Care  is  of  course  taken  to  keep  the 
growths  under  exactly  similar  conditions  of  temperature,  moisture, 
etc.,  in  order  that  the  comparison  may  be  strictly  between  acid  and 
alkaline  media. 

For  potato-cultures  we  have  prepared  the  potato  in  the  way  sug- 
gested by  Meade  Bolton  (*'  Centralblatt  fur  Bakteriologiey^  1887, 
Bd.  II.,  p.  459).  This  method  consists  in  cutting  out  a  cylindrical 
piece  of  the  potato  with  an  apple-corer,  and  slicing  this  cylinder 
through  diagonally,  so  as  to  obtain  a  flat,  sloping  surface.  The 
pieces  of  potato  are  then  placed  in  tubes  closed  with  cotton- wool, 
and  sterilized  in  the  steam-bath  in  the  usual  way. 

Note.  —We  regret  that  the  admirable  monograph  npon  water  bacteria  by  Dr.  O.  E.  R.  Zim- 
mermann  {Die  Bakterien  unurer  Trink-  tmd  Nutzwdaaer,  Chemnitz,  1890)  did  not  come  into 
oar  hands  until  after  this  report  was  completed.  We  haTo  therefore  been  unable  to  make  as 
much  use  of  his  work  as  we  should  otherwise  have  done. 
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DESCRIPTION  OF  SPECIES. 


BACILLUS   UBIQVITUS.    (N.Bp) 
Occurrence.  —  Isolated  from  the  Lawrence  sewage.    Found  frequently  in  the 
efflaents  from  all  of  the  sewage  tanks.    Also  often  found  in  natural  waters,  and 
occasionally  in  the  air.    Apparently  abundant  everywhere. 

Morphology.  —  Small,  short,  plump  bacilli,  closely  resembling  micrococci. 
1.1  //  to  2;u  long,  about  1  fi  broad.  Quite  variable  in  form.  In  bouillon  tliere  is 
shown  a  slight  tendency  to  gather  into  short  threads,  but  the  single  forms  predomi- 
nate.   (Plate  I.,  Fig.  Ic.) 

Motility.  — No  independent  movement  observed. 

Temperature.  —  Grows  as  well  at  37^  as  at  the  ordinary  temperatore  of  the 
cplture  room  (21°  to  23°). 

Need  of  Oxygen.  —  Grows  well  under  the  mica  plate. 

Plate-cultures.  —  At  first,  small,  roundish,  often  oval  colonies  of  a  yellowish 
tinge.  In  two  days  the  surface  colonics  have  assumed  their  characteristic  appear- 
ance, —  a  white,  glistening  projection,  resembling  a  drop  of  milk.  These  spread 
slowly,  become  somewhat  irregular,  and  talce  on  a  dull  brownish  cast.  With  a  low 
power  the  young  colonics  show  a  smooth  edge  and  finely  granular  interior.  (Plate 
I.,  Fig.  16.) 

Tubes,  —Gelatin.  —  Good  growth  on  the  surface  and  along  the  inoculation 
line.  Ill  a  week  the  growth  as  a  whole  bears  much  resemblance  to  a  nail.  The 
color  changes  from  a  lustrous  porcelain  white  to  a  dull,  brownish  gray.  The  gelatin 
is  not  liquefied.    Grows  as  well  in  slightly  acid  gelatin  as  in  alkaline.     (Plate  I., 

Fig.  la.) 

Tubes,  —  Agar.  —  A  good,  whitish-gray  growth  on  the  snrface  and  along  the 
inoculation  line.    The  surface  growth  has  a  slightly  metallic  lustre. 

Potato-culture.  —  A  white,  shining  growth,  which  does  not  spread  much,  and 
remains  quite  limited  in  extent. 

Milk.  — The  milk  is  quickly  coagulated  (eighteen  hours  at  37^),  and  gives  a 
strong  acid  reaction. 

Bouillon.  —The  bouillon  soon  becomes  turbid.  A  considerable  fiocculent  pre- 
cipitate is  formed.  On  old  cultures  a  thin  skin  forms  on  the  top,  but  this  falls  to 
the  bottom  on  slightly  jarring  the  tube. 

Effect  on  Nitrates.  —Reduces  nitrates  vlgoronsly. 

Hemarks.  —  This  species  apparently  resembles  quite  closely  the  Bacillus  eandi- 
cans  described  by  the  FrankUinds  (**  Zeit,  fiir  Hygiene,"  Bd  VI.,  Hffl,  IIL,  p.  397). 
It  dilfers  from  that,  however,  among  other  respects,  in  its  capacity  for  redodng 
nitrates,  and  in  its  mode  of  growth  on  agar  and  potato.  ^  j 
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BACILLUS  CIRCULANS.    (N.sp.) 

Occurrenoe.  —  Found  occasionally  in  the  Lawrence  tap-water  (from  the  Mer- 
rhnac  lilver). 

Morphology.  — Long,  slender  bacilli,  with  well-rounded  ends ;  generally  single, 
but  sometimes  two  to  four  cells  are  found  loosely  connected  end  to  end.  In  most 
cultures  spores  are  found  in  three  or  four  days.  These  are  formed  in  the  end  of  the 
rod,  are  oval  and  small,  the  diameter  being  nearly  the  same  as  that  of  the  rod. 
These  spores  are  formed  particularly  well  on  agar  and  potato.  The  bacilli  are  about 
2  fi-B  M  long,  and  about  1  /u  broad.    (Plate  I.,  Fig.  2a.) 

Motility.  —  The  individual  bacteria  have  a  lively  movement  in  the  hanging  drop. 

Temperature.  —  Grows  better  at  87°  than  at  21° 

Need  of  Oxygen.  —  Grows  nearly  as  well  under  the  mica  plate  as  it  does  in 
contact  with  the  air. 

Plate-cultures.  —  In  two  days,  round,  brownish  colonies  become  visible  to  the 
naked  eye.  Viewed  with  a  low  power  of  the  microscope  the  interior  of  the  colony 
presents  a  very  peculiar  and  quite  characteristic  appearance.  The  gelatin  is  lique- 
fied, and  the  rapid  motion  of  the  individual  bacteria  gives  to  the  whole  fluid  mass 
the  appearance  of  a  circulation— like  the  circulation  of  protoplasm.  This  is  a  very 
constant  phenomenon,  and  is  always  to  be  observed  after  about  forty-eight  hours' 
growth.  In  three  days  the  movement  has  usually  ceased,  and  the  interior  has  a 
rather  coarsely  granular  appearance,  with  flocks  of  bacteria  scattered  irregularly  here 
and  there.  These  Anally  develop  a  round,  deep,  even  depression,  which  spreads  very 
slowly,  taking  several  weeks  to  reach  the  diameter  of  a  centimeter.  Often  the 
colonies  show  some  variability,  the  contour  being  somewhat  lobed,  Instead  of  being 
perfectly  smooth  and  even  as  is  generally  the  case.    (Plate  I.,  Fig.  2c.) 

Tubes,  —  Gelatin. —  A  fairly  slow  growth,  having  the  appearance  of  boring 
down  into  the  gelatin  in  a  narrow  cone.  A  precipitate  collects  at  the  bottom  of  the 
cone,  while  the  slowness  of  growth  allows  the  liquefled  gelatin  to  evaporate  from 
the  upper  part.  The  upper  part  of  the  cone  often  has  a  somewhat  ringed  appear- 
ance.   Grows  well  in  a  slightly  acid  medium.    (Plate  I.,  Fig.  26.) 

Tubes,  —  Agar.  —  A  very  thin,  translucent  surface  growth ;  fairly  good  growth 
along  the  line  of  puncture. 

Potato-culture.  —  A  slow,  scant  growth,  about  the  color  of  the  potato  Itself. 

Milk.  —  The  milk  is  very  slowly  coagulated,  with  a  slight  acid  reaction.  This 
power  of  coagulating  milk  is  lost,  however,  after  the  species  has  been  cultivated 
for  several  months  in  artificial  media. 

Bouillon.  —  The  bouillon  becomes  turbid  in  from  three  to  four  days.  A  con- 
siderable slimy  precipitate  is  formed.    No  skin  is  formed  on  the  surface. 

EfRdct  on  Nitrates.  —  Reduces  nitrates  to  nitrites,  but  not  rapidly,  the  first 
evidence  of  reduction  appearing  after  about  fifteen  to  twenty  days. 

Remarks.  — The  chrculation  inside  the  colonies  was  at  first  thou^^ht  to  be  especi- 
ally characteristic  of  this  species,  but  has  since  been  observed  in  a  number  of  other 
forms,  as  B,  cloacm,  B.  delicatulus,  et  ah  It  is,  however,  more  noticeable  and 
more  constant  in  this  particular  species  than  in  any  other  observed.         ^^  . 
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BACILLUS   CYANOGEimS. 
Occurrence.  —Found  frequently  in  the  Lawrence  sewage. 

Morphology.  —  Small  bacilli,  with  rounded  ends,  often  oval  in  form.  Occur 
in  chains  on  all  media,  isolated  individuals  being  quite  the  exception.  The  chain 
is  usually  long,  and  its  members  cohere  quite  firmly.  On  no  medium  has  there  been 
observed  anything  resembling  spore  formation.  The  individuals  are  about  1.3  // 
long,  .8  M  broad.     (Plate  I.,  Fig.  86.) 

Motility.  —  There  is  a  slight  independent  movement  to  be  observed  in  hanging 
drops.    We  have  certainly  not  found  this  species  to  be  "  very  motile." 

Temperature.  —  Does  not  grow  as  well  at  87°  as  at  21°. 

Need  of  Oxygen.  —  Grows. very  scantily  under  the  mica  plate. 

Plate-cultures.  —  The  young  colonies  below  the  surface  of  the  gelatin  are 
usually  slightly  oval,  with  a  coarsely  granular  interior,  and  an  even,  regular 
edge.  Often,  however,  the  colonies  have  a  frayed,  irregular  appearance  to  the 
naked  eye,  and  with  a  low  power  of  the  microscope  show  fine  branchings  from 
the  centre.  On  coming  to  surface  the  colonies  always  spread  out  into  a  dull,  dry 
expansion,  with  irregularly  hacked  edges.  Sometimes  the  colonies  are  surronnded 
by  a  light  blue-green  haze,  which  soon  changes  to  a  fliint  brown;  and  this  becomes 
deeper  and  deeper,  till  the  whole  plate  is  colored  an  intense  dark  brown.  More 
often,  however,  in  our  experience,  the  brown  color  comes  without  a  previous 
development  of  the  blue.  In  slightly  acid  gelatin  the  blue  color  comes  more  surely 
and  constantly  than  in  the  ordinary  alkaline  medium.  The  gelatin  is  not  liquefied. 
(Plate  I.,  Fig.  8a.) 

Tubes,  —  Qelatin.  —  In  about  three  days  there  is  a  thin  surface  growth, 
smooth  and  faintly  lustrous.  The  contour  is  at  first  quite  regular,  with  the  edges 
only  slightly  toothed.  There  is  only  a  slight  growth  along  the  inoculation  line. 
The  gelatin  near  the  surface  soon  takes  on  a  brown  tint,  and  eventually  the  whole 
tube  of  gelatin  is  colored  dark  brown.  The  blue  coloration  is  not  observed  so  well 
in  the  tubes  as  on  the  plates.  This  species  grows  fairly  well  in  acid  gelatin,  but  not 
so  well  as  in  alkaline.  In  the  former  the  brown  color  invariably  comes  more  slowly. 
(Plate  I.,  Fig.  3c.) 

Tubes,  —Agar. —  In  three  days  there  is  a  good  surface  growth,  white  and 
lustrous.  The  agar  is  colored  dark  brown.  The  growth  itself  also  assumes  a 
brownish  cast. 

Potato-culture.  —  A  very  rapid  growth  on  potato.  In  twenty-four  hours  the 
potato  is  colored  a  deep  brown  over  nearly  its  whole  surface.  We  have  in  no  case 
observed  a  previous  blue  coloration.  The  growth  is  brownish,  thin,  spreading  and 
dry. 

Milk.  — The  milk  very  slowly  becomes  a  light  chocolate  color.  The  reaction  is 
slightly  alkaline. 

Bouillon.  —  In  three  days  the  bouillon  has  become  slightly  turbid.  Month-oid 
cultures  are  a  deep  brown,  with  a  tough,  thick  skin  on  the  surface. 

Effect  on  Nitrates.  -^  Nitrates  are  slowly  reduced. 
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Bemarks.  —This  species  is  undoubtedly  the  "  bacillus  of  bine  milk,"  described 
originally  by  Uueppe  ("  MiUhheilungen  aus  dem  Kaistrlichen  Gesundhemamtet"  lid, 
2,  p.  «5o),  and  recently  the  subject  of  thorough  investigation  by  Helm  (*'  Arbeiten 
aus  dem  Kaiserlichen  GesundheUsamte"  Bd.  6,  p.  618).  Our  experience  with  this 
species  agrees  in  most  respects  with  that  of  Helm.  We  have  never  found  the  **  club- 
shaped  forms  "  (Keulenformen)  mentioned  by  Hueppe  et  al.  Neither  have  we 
observed  anything  we  can  regard  as  true  spores ;  and  on  this  point  we  are  Inclined 
to  agree  with  Helm  that  the  so-called  spores  are  vacuoles  or  something  of  the  sort, 
and  are  to  be  relegated  to  the  same  category  as  the  '*  spores  "of  the  typhoid  bacillus. 


BACILLUS  8UPERFIGIALIS.     (N.Spo 

Occurrence.  —  Found  frequently  in  the  Lawrence  sewage;  also  found  occa- 
sionally in  the  sand  of  Tank  No.  13. 

Morphology.  —  Fair-sized,  plump  bacilli,  with  rounded  ends.  Generally  occur 
singly,  or  in  pairs.  No  spore  formation  observed.  About  2.2  n  long,  1  ft  broad. 
(Plate  II.,  Fig.  4&.) 

Motility.  —  Shows  Independent  movement  in  a  hanging  drop. 

Temperature.  —  Grows  better  at  37°  than  at  21°. 

Need  of  Oxygen.  —  Grows  feebly  under  the  mica  plate. 

Plate-cultures.  —  The  colonies  become  plainly  visible  to  the  naked  eyxi  In  about 
two  days.  With  a  low  power  of  the  microscope  the  colony  itself  is  seen  to 
be  approximately  round,  but  is  divided  by  irregular  lines  into  angular  lumps, 
giving  a  somewhat  cracked  appearance  to  the  whole  colony.  On  coming  to  the 
surface,  a  regular,  round,  homogeneous,  finely  granular  expansion  Is  formed.  Ta 
the  naked  eye  the  colony  then  appears  as  a  projecting  translucent  drop.  The  colony 
grows  slowly,  and  slowly  liquefies  the  gelatin.  When  the  liquefaction  has  pro- 
ceeded for  several  days,  the  colony  has  a  yellowish-brown  opaque  centre,  and  a 
translucent  edge.    (Plate  II.,  Fig.  4c.) 

Tubes,  —  Qelatin.  —  A  very  slow  growth,  taking  about  ten  days  to  liquefy  the 
gelatin  to  the  walls  of  the  test-tube.  The  growth  is  almost  wholly  on  the  surface, 
and  there  Is  only  the  scantiest  growth  along  the  Inoculation  line.  Even  after  stand- 
ing for  several  weeks,  only  the  gelatin  In  the  upper  part  of  the  test-tube  is  afiiicted 
by  the  growth.    Grows  well  In  acid  gelatin.    (Plate  II.,  Fig.  4a.) 

Tubes,  —  Agar.  — On  agar  there  Is  a  moist,  lustrous,  gray  translucent  growth. 
After  several  weeks  the  growth  Is  still  smooth  and  shiny,  and  has  assumed  a  light 
brown  tint. 

Potato-culture  — Potato  does  not  seem  to  be  a  favorable  medium  for  the  do- 
yelopment  of  this  species.  Repeated  trials  at  different  temperatures  have  failed  to 
induce  a  growth  on  potato. 

Milk.  —  There  is  no  visible  change  in  twenty  days.  The  reaction,  however,  is 
slightly  acid. 
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Bouillon.  —  Becomes  turbid  very  slowly.  A  scant  white  precipitate  is  nsiully 
formed  after  some  time.    No  skin. 

Effect  on  Nitrates.  —There  is  no  rcdnctlon  to  be  observed  in  forty  days'.  It 
should  be  remarked,  however,  that  the  tests  with  this  spoclcs  were  with  specimens 
that  had  been  under  artificial  cultivation  for  some  time,  and  might  not  hold  with  a 
freshly  isolated  growth. 


BACILLUS  RETICULARIS.     (N.Sp.) 

Occurrence  —  Found  in  tlie  effluent  of  Tank  8,  through  which  Lawrence  city 
water  is  filtered. 

Morphology.  —  Long,  rather  slender  bacilli,  with  slightly  rounded  ends.  Tboy 
often  grow  in  strings  of  eight  to  ten  loosely  connected  individuals.  No  true  spore 
formation  has  been  observed,  although  in  many  of  the  bacilli  there  are  larjcrc  vacuoles 
with  strongly  refracting  edges.    About  6  fi  long,  1  fi  broad.    (Plate  II.,  Fig.  5c.) 

Motility.  —  The  bacteria  show  a  slow,  sinuous  motion  in  the  hanging  drop,  but 
at  no  time  are  they  very  lively. 

Temperature.  —  This  species  grows  much  better  at  37°  than  at  2 1^  to  23°. 

Need  of  Oxygen.  —  Grows  very  scantily  under  the  mica  plate. 

Plate-cultures.— The  young  colonies  below  the  surface  of  the  gelatin  send 
out  long  spiral  filaments,  which  give  a  hazy  appearance  to  the  colony,  when  viewed 
with  the  naked  eye.  With  a  low  power  of  the  microscope  the  colonies  with 
their  radiating  filaments  resemble  so  many  Jelly-fish  with  streaming  tentacles.  The 
gelatin  is  slowly  liquefied.'  On  coming  to  the  surface,  a  considerable  irregular 
expansion  is  formed,  but  eventually  a  highly  characteristic  appearance  is  produced. 
The  gelatin  is  liquefied  so  slowly  that  the  liquid  evaporates  almost  as  soon  as 
formed.  The  colonies  then  resemble  slight  hollows  or  cups  in  the  gelatin.  The 
surface  of  these  cups  presents  a  mottled  appearance,  as  if  it  were  covered  with 
fine,  irregular  net-work  or  reticulations.     (Plate  II.,  Fig.  5a.) 

Tubes,  —  Qelatin.  —  In  two  days  the  upper  part  of  the  growth  has  the  appear- 
ance of  a  cup  with  fiaring  edges.  The  gelatin  Is  liquefied  very  slowly  in  the  middle 
of  the  cup,  and  evaporates  almost  as  fast  as  formed,  so  that  this  appearance  is  pre- 
served for  some  time.  The  cup  lias  the  same  reticuUited  structure  described  above. 
In  three  days  fine  filaments  begin  to  shoot  out  from  along  the  inoculation  line. 
These,  however,  do  not  often  reach  a  very  great  length.    (Plate  II.,  Fig.  66.) 

Tubes,  —  Agar.  —  On  agar  there  is  a  dull,  dry,  projecting  growth  on  the  sur- 
face, quite  slow.    A  poor  growth  along  the  line  of  inoculation. 

Potato-cultures.  —  In  two  days  a  good  growth,  —  white,  dull  and  diy.  In  fi^e 
days  the  growth  has  assumed  a  characteristic  woolly  appearance. 

Milk.  — The  milk  is  coagulated  slowly,  —  after  fifteen  to  twenty  days  at  the  tem- 
perature of  the  room,  — and  gives  an  acid  reaction. 

Bouillon.  —  The  bouillon  slowly  becomes  turbid,  with  the  formation  of  a  slight, 
stringy  precipitate. 

EfHdct  on  Nitrates.  —Rapidly  reduces  nitrate  to  nitrite. 
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BACILLUS  RUBESCENS.     (N.Bp.) 
Oooiirrenoe.  —  Isolated  from  the  Lawrence  sewage. 

Morphology.  —  Large,  long  bacilli,  with  well-rounded  ends.  Often  occur  in 
pairs  and  in  short  strings.  Many  of  the  individual  bacilli  are  slightly  curved.  No 
spore  formation  observed.    About  4  /z  long  and  .9  //  broad.    (Plate  II.,  Fig.  6&.) 

Motility.  —  A  slow,  sluggish  movement. 

Temperature.  —  Grows  better  at  21°  than  at  37°. 

Need  of  Oxygen.  —  Grows  very  poorly  under  the  mica  plate. 

Plate-onltures. — A  slow  growth.  The  young  colonies  beneath  the  surface 
of  the  gelatin  are  usually  round,  sometimes  oval.  On  coming  to  the  surface, 
they  rise  into  a  projecting  porcelain- white  drop.  The  colonies  increase  in  size 
slowly,  and  eventually  take  on  a  slight  brownish  cast.     (Phite  II.,  Fig.  ^.) 

Tubes,  —  Gelatin.  — The  growth  is  slow,  and  mainly  on  the  surface,  where  a 
porcelain- white,  nail-head  projection  is  formed.  There  is  only  a  slight  growth  along 
the  line  of  inoculation.  There  is  a  good  growth  in  slightly  acid  gelatin.  (Plate  II. , 
Fig.  (iC.) 

Tubes,  —  Agar.  —  There  is  a  rapid  surface  growth,  white  and  lustrous.  At  first 
the  growth  is  smooth,  but  later  becomes  crinkly,  and  the  whole  skin  is  much 
wrinkled.    In  cultures  about  three  weeks  old  a  slight  pinkish  tiuge  can  be  seen. 

Potato-cultures.  —  There  is  a  rapid,  luxuriant  growth  upon  potato.  At  first 
the  color  of  the  growth  is  light  brown,  but  this  slowly  changes  to  pink.  In  three 
weeks  there  Is  a  luxuriant,  projecting  growth,  tinted  a  delicate  flesh-plQk.  The 
potato  itself  is  not  colored. 

Milk.  —  The  milk  is  not  coagulated,  and  gives  a  good  alkaline  reaction.  In  long- 
standing cultures  a  slight  piukish  tinge  is  observed  at  the  surface  of  the  milk. 

Bouillon.  —  The  bouillon  becomes  slightly  turbid,  and  a  heavy  white  precipitate 
is  formed.  In  several  weeks  a  thick,  tenacious  skin  forms  on  the  surface.  The 
main  body  of  the  bouillon  is  then  clear. 

Effect  on  Nitrates.  —  No  change  in  the  nitrates  after  fifty  days. 


BACILLUS  HYALINUS.    (N.Sp.) 

Occurrence.  —  Isolated  from  the  sand  of  Tank  13  at  a  time  when  the  tank  was 
nitrifying  well.    Found  in  large  numbers  in  the  sand. 

Morphology. —  Large,  long,  stout  bacilli,  with  rounded  ends.  Usually 
gathered  in  short  strings.  No  spore  formation  observed.  About  3.G  /<  to  4  /i  long, 
1.5  //  broad.    (Plate  III.,  Fig.  7a.) 

Motility.  —  Lively  movement. 
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Temperature.  —  Grows  better  at  37°  than  at  21°  to  23°. 
Need  of  Oxygen.  —  Grows  very  well  under  the  mica  plate. 

Plate-culture. — Fast-growing;  in  twenty-four  hours  the  colonics  can  he 
plainly  seen  with  the  naked  eye.  In  all,  even  in  the  smaller  colonics,  there  is  a 
dark  centre,  surrounded  by  a  broad  translucent  zone,  which  gives  a  hazy  appear- 
ance to  the  colonies.  With  a  low  power  of  the  microscope  the  interior  is  seen  to 
be  coarsely  fll)rillar,  with  short  fibrils  radiating  from  the  edge.  In  two  days  the 
colonics  are  large,  — about  one  and  one-half  centimeters  in  diameter ;  the  contour  is 
evenly  round,  the  interior  slightly  translucent;  the  rim  is  distinct,  opaque,  yellowish; 
the  edge  still  shows  radiathig  flbrUs.     (Plate  III.,  Fig.  7b.) 

Tubes,  —  Gelatin.  —  In  two  days  a  long,  narrow,  funnel-shaped  growth.  The 
gelatin  is  rapidly  liquefied,  and  is  at  first  cloudy,  with  a  precipitate  at  the  bottom  of 
the  funnel.  In  about  eight  days  the  tube  has  assumed  a  highly  charactcrbtic 
appearance :  a  lustrous,  tenacious,  white  scum,  a  slight  flocculcnt  precipitate,  and 
perfectly  transparent  liquefied  gelatin  between.  Grows  very  well  In  acid  gelatin- 
(PlateIII.,Flg.  7c.) 

Tubes,  —  Agar.  —  A  rapid,  dry,  grayish  growth,  spreading.  Dnll,  tough  and 
rather  thin.  When  about  four  to  five  days  old,  small  warty  projections  appear. 
Good  growth  along  the  inoculation  line. 

Potato-cultures.  —  In  two  days  the  growth  is  Just  visible ;  in  four  days.  good, 
spreading,  dry,  whitisli-gray  growth.  Later,  small  protuberances  appear  on  the  sur- 
face. 

Milk.  —  In  seven  days,  strongly  coagulated.    Acid  reaction. 

Bouillon.  —  Soon  l>ecomes  cloudy ;  a  stringy  precipitate,  and  a  thiclc  skin  on  the 
surface. 

Efifect  on  Kitrates.  — Reduces  nitrates  vigorously  and  rapidly. 


BACILLUS   CLOACA,     (x.sp.) 

Occurrence.  —  Isolated  from  the  Lawrence  sewage.  Found  also  in  the  efflncnts 
from  some  of  the  tanks,  notably  Tank  No.  1,  at  a  high  rate  of  flow.  One  of  the 
most  common  bacteria  in  sewage. 

Morphology.  —  Short,  plump,  oval  bacilli,  with  well-rounded  ends.  No  spore 
formation  observed.  Quite  variable  in  size;  slightly  longer  and  thicker  on  pouto 
than  on  agar.  Are  frequently  grouped  In  pairs.  About  .8  /<  to  1.9  /«  long,  .7/i  to 
1  n  broad.     (Plate  III.,  Fig.  8c.) 

Motility.  —  Very  lively  movement. 

^      Temperature.  —  Grows  slightly  better  at  37°  than  at  21°  to  23°. 

Need  of  Oxygen.  —  Grows  very  scantily  under  the  mica  plate. 
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Plate-cultures.  —  In  twenty-four  to  forty-eight  hoars  a  round,  yellowish 
colony  becomes  visible  in  the  gelatin.  On  coming  to  the  surface,  this  forms  a  slight 
bluish  expansion,  with  irregularly  notched  edges,  and  almost  immediately  begins  to 
liquefy  the  gelatin.  With  a  low  power  of  the  microscope  the  colony  is  seen  to 
have  a  dark  centre,  an  outer  translucent  zone  and  a  darker  edge ;  the  interior  Is  finely 
granular.  The  whole  plate  is  soon  liquefied  (in  from  three  to  four  days).  (Plate 
III.,  Fig.  8a.) 

Tubes,  —  Gelatin. —  A  rapid  growth,  liquefying  the  gelatin.  A  good  growth 
along  the  inoculation  line.  An  iridescent  scum  on  the  surface,  and  a  heavy,  floccu- 
lent,  whitish  precipitate.  Grows  as  well  in  slightly  acid  gelatin  as  in  the  ordinary 
alkaline  medium.    (Plate  III.,  Fig.  86.) 

Tubes, —Agar.  —  A  moist,  slimy,  porcelain- white  surface  growth.  Excellent 
growth  along  the  Inoculation  line. 

Potato-cultures. —  In  two  days  a  very  good  yellowish- white  growth;  rapid, 
projecting. 

Milk.  —  In  about  four  days  the  milk  is  coagulated,  and  gives  a  strong  acid 
reaction. 

Bouillon.  —  The  bouillon  becomes  very  cloudy  in  two  days.  In  ten  to  fourteen 
days  considerable  whitish  precipitate  is  produced.  A  slight  skin  forms  on  the  sur- 
face, but  falls  to  the  bottom  on  disturbing  the  tube.  After  some  time  — two  to 
three  weeks  —  the  bouillon  is  still  cloudy. 

Effect  on  Nitrates.  —  Reduces  nitrates  in  bouillon  vigorously. 


BACILLUS  DELICATULUS.     (N.Sp.) 

Occurrence.  —Isolated  from  the  effluent  of  Tank  6,  where  it  has  been  found 
frequently.  Obtained  also  from  the  sand  composing  Tanks  6, 1  and  4.  Occasionally 
found  in  the  effluents  from  nearly  all  of  the  tanks. 

Morphology.  —  Medium-sized,  plump  bacilli,  often  lolned  In  pairs  aud  in  short 
strings.  Spore  formation  was  not  observed  on  any  of  the  media  used.  2  /i  long, 
1  pi  broad.     (Plate  III.,  Fig.  96.) 

Motility.  —  Very  lively  movement. 

Temperature.  —  Grows  slightly  better  at  37^  than  at  21^. 

Need  of  Oxygen.  —  Does  not  grow  at  all  under  the  mica  plate 

Plate-cultures.  —  When  young,  whitish,  homogeneous,  with  a  regular,  radi- 
ating edge.  In  two  days,  at  the  temperature  of  the  room,  the  gelatin  becomes 
liqnefled;  later,  the  centre  becomes  darker  than  the  surrounding  zone.  (Plate 
III.,  Fig.  9c.) 
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Tubes,  —  Gelatin.  —  In  two  days  the  gelatin  is  liqaefied  well  down  Into  the 
inoculation  line.  The  gelatin  is  completely  liquefied  in  about  seven  days ;  there  Is  a 
thick,  whitish  skin  on  the  surface,  and  a  heavy,  flocculent,  brownish  precipitate  at 
the  bottom ;  the  liquefied  gelatin  is  cloudy.  Grows  nearly  as  well  in  slightly  acid 
gehitin  as  in  alkaline.    (Plate  III.,  Fig.  9a.) 

Tubes,  — Ag^r.  —  At  flfst  a  crinkly,  grayish  growth,  which  when  older  becomes 
porcelain- white  and  glistening.    Grows  well  both  on  the  surface  and  below. 

Potato-culttires.  —  A  gray,  spreading  growth,  ~  not  projecting. 

Milk.  —  The  milk  Is  coagulated,  and  gives  a  strong  acid  reaction. 

Bouillon.  —  Soon  becomes  cloudy.    A  white  precipitate  and  white  scam. 

Effect  on  Nitrates.  —  Reduces  nitrate  to  nitrite  very  rapidly  and  completely. 

Remarks.  —  This  species  is  very  sensitive  to  low  temperatures.  At  about  15^ 
it  refuses  to  grow  at  all,  this  being  a  peculiarity  observed  in  none  of  the  other  species 
described  by  us.  The  cultures  in  tubes  appear  to  live  only  a  short  time,  for  after 
several  weeks  a  seemingly  vigorous  growth  on  agar  or  gelatin  fails  to  yield  a  single 
living  germ. 


BACILLUS  VIOLACEUS  LAUttEyTlUS.     c^.  Sp.) 
Oeourrenoe.  —  Found  in  large  numbers  in  the  effluent  of  Tank  1 . 

Morphology.  —  Short,  slight  bacilli,  with  rounded  ends.  Often  occur  in  pair:?, 
sometimes  In  chains  of  four  or  five.  No  spore  formation  observed.  About  3  /i  to 
8.6  //  long,  7  ;^  broad.    (Plate  IV.,  Fig.  10c.) 

Motility.  — Very  lively  movements. 

Temperature.  —  Grows  bettor  at  21°  than  at  37^. 

Need  of  Oxygen.  —  Grows  as  well  under  the  mica  plate  as  it  does  outside. 
There  is  no  production  of  color,  however,  when  the  air  is  excluded. 

Plate-cultures.  —  In  about  two  days  small,  rounded,  coarsely  granular  col- 
onies appear  in  the  deeper  parts  of  the  gelatin.  They  generally  have  a  radiating 
edge  and  a  dark  centre.  On  coming  to  the  surface,  the  colonies  spread  out  into  a 
small,  thin,  irregular  expansion.  This  expansion  never  spreads,  and  the  gelatin  !.<% 
almost  immediately  liquefied  in  its  neighborhood.  A  rounded  spot  of  violet  gathers 
in  the  centre  of  the  colony,  and  around  this  is  a  zone  of  slightly  cloudy  liquefied 
gelatin.  The  liquefaction  proceeds  quite  rapidly,  but  the  central,  round,  violet  clots 
do  not  increase  materially  in  size.    (Plate  IV.,  Fig.  10a.) 

Tubes,  —  Gelatin.  —  The  gelatin  is  liquefied  rapidly  throughout  the  whole  len^h 
of  the  inoculation  line.    The  liquefied  gelatin  is  a  cloudy  violet  color,  and  there  is  a 
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heavy,  dark  violet  precipitate  at  the  bottom  of  the  tube.  There  is  no  skin  on  tlie 
sarface,  even  in  lon.<;-stauding  cultures.  Grows  as  well  In  acid  gelatin  as  in  alkaline. 
(Plate  IV.,  Fig.  106.) 

Tubes,  — Agar. — There  is  an  excellent  growth  on  agar,  with  abundant  pro- 
duction of  dark  violet  color,  which  soon  deepens  into  jet  black. 

Potato-otdtures.  —  Potato  is  an  excellent  medium  for  the  growth  of  this  bacil- 
lus. The  growth  spreads  over  the  whole  surface,  forming  a  dark  violet  color,  which 
very  soon,  except  on  the  edges,  becomes  jet  black. 

Milk.  —  Milk  seems  to  be  an  especially  favorable  medium  for  this  bacillus.  There 
is  a  rapid  and  luxuriant  growth,  coloring  the  milk  a  deep  blue-violet,  and  soon  caus- 
ing it  to  coagulate.    The  coagulated  milk  gives  a  strong  acid  reaction. 

Bouillon.  —  The  bouillon  becomes  cloudy  very  slowly,  and  at  no  time  shows  more 
thau  a  slight  turbidity.  In  the  ordinary  meat-extract-peptone  bouillon  there  is  no 
sign  of  a  violet  coloration.  In  the  broth  containing  nitrates,  however,  there  is  a 
luxuriant  growth,  the  broth  becoming  very  turbid,  and  a  rich  violet  color  being 
produced. 

Effect  on  Nitrates.  —Reduces  nitrate  to  nitrite  rather  slowly. 


PROTEUS  ZENKER!,     (hauser.) 

Occurrence.  —  Isolated  from  the  Lawrence  sewage.  Found  frequently  In  the 
sewage,  and  occasionally  in  the  effluents  from  some  of  the  sewage  tanks. 

Morphology.  —  Very  variable  in  form.  Sometimes  short,  oval  bacilli,  closely 
resembling  micrococci;  and  again  long,  thread-like,  leptothrix  forms.  Between 
these  two  extremes  occur  almost  all  sizes  of  rods,  and  rarely  spiral  forms.  The 
rods  are  not  infrequently  curved,  at  times  resembling  *'  comma-bacilli."  (Plate  IV., 
Figs.  lie.  lid.) 

Motility.  — Exhibits  true  independent  movement  In  some  stages  of  development, 
while  In  other  phases  it  is  apparently  without  this  power. 

Temperature.  —  Grows  better  at  21°  to  23°  than  at  37°. 

Need  of  Oxygen.  —  Grows  fairly  well  under  the  mica  plate,  but  not  so  well  as 
where  it  is  exposed  to  the  air. 

Flate-oultures.  —  Grows  rapfdly.  In  two  days  the  colonies  are  large,  plainly 
visible  to  the  naked  eye,  to  which  they  appear  as  if  surrounded  by  a  halo  or  faint 
haze.  With  a  low  power  of  the  microscope  the  hazy  appearance  is  seen  to  be  due 
to  fine  threads  radiating  in  every  direction  from  the  opaque  centre.  The  threads 
then  have  the  very  characteristic  *' cork-screw"  arrangement,  and  the  rounded 
knots,  also  characteristic  of  the  Proteus  group,  are  just  beginning  to  be  formed. 
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Later  is  developed  the  highly  remarkable  knotted,  twisted  and  generallj  complicated 
fttructure  figured  by  Hauser.  The  older  branches  strongly  resemble  rolls  of  coins 
placed  side  by  side,  'i'he  gelatin  Is  not  liquefied,  even  when  the  plates  stand  for 
weeks.     (Plate  IV.,  Fig.  116.) 

Tubes,  —  Gelatin.  —  Grows  rapidly  both  on  the  surface  and  along  the  line  of 
inoculation.  Fine  threads  radiate  In  every  direction  from  the  central  cone,  giving 
to  the  whole  growth  the  appearance  of  an  inverted  pine-tree.  The  growth  is  more 
vigorous  at  the  top  of  the  tube.  Grows  capitally  in  slightly  acid  gelatin.  (Plate 
IV.,  Fig.  11a.) 

Tubes,  —  Agar.  —  A  good,  gray-white  growth,  rather  limited.  Excellent  growth 
along  the  inoculation  line. 

Potato-cultures.  —  A  very  slow,  scanty  growth,  resembling  the  potato  in  color. 
Not  projecting. 

Milk.  —  No  apparent  change  in  milk  after  thirty  days. 

Bouillon.  —  Becomes  slowly  cloudy ;  a  slight  precipitate,  but  no  skin  is  formed. 

Effect  on  Nitrates.  —  No  effect  on  nitrates  in  a  peptone  solution,  after  forty 
days'  grow^th. 

Remarks.  —  This  species  Is  probably  identical  with  the  form  described  by 
Hauser  as  Proteus  Zenkeri  (Gu^itav  Ilauser,  *'  Ueber  Faulnissbacterierit**  Leipzig, 
1885,  p.  44). 


BACILLUS  JANTHINUS.     (zopf.) 

Oeourrenoe  — Isolated  from  the  effluent  of  Tank  1.  Found  several  times  in 
abundance  in  the  effluent  of  this  tank,  but  not  observed  in  fresh  sewage. 

Morphology.  —  Very  small,  slender  bacilli,  often  occurring  in  short  strings. 
About  2  //  long,  .5  to  .G  /i  broad.  In  preparations  from  most  media  portions  of  the 
cells  appear  deeply  stained.  These  more  deeply  staining  portions,  however,  are 
probably  not  true  spores,  since  there  are  usually  two  and  often  four  in  a  cell. 
Willi  staining  fluids  they  do  not,  moreover,  give  the  recognized  tests  for  spores. 
(Plate  IV.,  Fig.  126.)- 

Motility.  —  In  the  hanging  drop  they  are  seen  to  possess  true  independent 
movement. 

Temperature.  —  Grows  best  at  21°  to  23° ;  does  not  grow  well  at  37°. 

Need  of  Oxygen.  —  Grows  very  poorly  under  the  mica  plate. 

Plate-cultures.  —  The  young  colonies  below  the  surface  of  the  gelatin  are 
round,  sometimes  oval,  w^ith  smooth  edges  and  generally  even  contour.  On  coming 
to  the  surface  they  spread  out  into  a  broad.  Irregular  expansion,  with   deeply 
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notched  edges.  This  expansion  Is  at  first  thin,  but  later  becomes  quite  thick  and 
projecting.  A  deep  violet  color  soon  appears,  sometimes  near  the  centre  of  the 
colony,  sometimes  around  its  edges.  The  colony  is  only  rarely  colored  over  its  whole 
expanse,  a  portion  being  usually  whitish-gray.  The  gelatin  is  liquefied  very  slowly. 
(Plate  IV.,  Fig.  12a.) 

Tubes, — Gelatin.  —  Grows  slowly,  forming  a  thin,  violet-colored  expansion 
on  the  surface.  A  scanty  growth  along  the  line  of  Inoculation.  The  gelatin  is 
slowly  liquefied,  and  in  old  cultures  is  slightly  colored  violet,  but  is  quite  clear. 
There  is  no  skin  on  the  surface,  but  a  heavy,  dark  violet  precipitate  is  formed. 
QPlate  IV.,  Fig.  12c.)   • 

Tubes,  — Agar.  —  Grows  rather  rapidly,  and  produces  a  deep,  black- violet  color. 
Spreads  over  the  surface  in  a  tough,  coherent  skin. 

Potato-oulttires.  — Grows  rapidly,  spreading  over  the  surface  of  the  potato  in 
all  directions.  A  deep,  black-violet  color  is  produced.  The  growth  has  a  beaded 
appearance,  as  if  covered  with  small,  shining  black  beads.  This  appearance  readily 
distinguishes  it  from  B.  vlolaceus  Laurentius.  The  potato  is  now  covered  with  a 
tough  skin,  which  can  be  detached  only  with  difficulty. 

Milk.  —  Grows  vigorously  in  milk,  coloring  it  a  deep  violet.  The  milk  is  not 
coagulated. 

Bouillon.  —  In  the  ordinary  bouillon  grows  only  slightly.  In  the  broth  con- 
taining nitrates  (see  p.  828),  however,  there  is  a  luxuriant  growth,  the  bacillus 
showing  a  tendency  to  form  violet  zoogloeal  sheets,  although  the  broth  itself  is 
cloudy  also.    The  broth,  however,  is  not  colored. 

EfiEbct  on  Nitrates.  —  Reduces  nitrate  to  nitrite  very  rapidly  and  completely. 

Remarks.  —  This  species  is  undoubtedly  identical  with  the  species  originally 
descrlped  by  Zopf  as  Bacillus  janthinus  ("  Die  Mikroorganismen"  p.  291,  C.  Fliigge, 
Leipzig,  1886).  This  species  has  also  been  found  more  recently  by  Plagge  and 
Proskauer  in  their  work  on  the  Berlin  filters  (**  Bericht  iiber  die  Unterauchxingen  des 
Berliner  Leitungswassers  in  der  Zeil  vom  1  Juni,  1885,  bis  1  April,  1886;"  Plagge 
und  Proskauer,  **  Zeitschrift  fUr  Hygiene"  Bd.  II..  p.  463).  It  was  noticed  earlier 
than  this  by  Ililppe,  and  was  observed  also  in  the  **  Gottlnger  hyglenlschen  Instltut." 
It  Is  a  question  whether  or  not  the  bacillus  described  by  Rosenberg  as  "  Bacterium  h" 
(" Ueber  die  Bacterien  des  Mainvoassers,  Bcrnhard  Rosenberg,  Archiv  fiir  Hygiene,' 
Bd.  v.,  p.  458),  which  also  produces  a  violet  color,  is  identical  with  B.  janthinus, 
with  the  B.  violaceus  of  Frankland,  or  with  the  form  described  by  us  as  B.  viola- 
ceus  Laurentius,  The  narrow  yet  constant  diflfcrences  between  these  three  species 
leave  us  in  doubt  as  to  what  Rosenberg's  violet  bacillus  really  may  have  been, 
since  his  description  of  *'  Bacterium  h"  leaves  something  to  be  desired  in  the  matter 
of  completeness. 

Differences  between  B.  JANTHINUS  and  B.  VIOIlACEUS 
I.AURBNTIUS. 

1.  The  growth  on  gelatin  is  very  different  in  the  two  species.  B.  Janthinus 
liquefies  gelatin  very  slowly;  B,  violaceus  Laurentius,  on  the  other  hand,  liquefies 
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it  quite  rapidly.  On  the  gelatin  plate,  the  small  colonies  are  quite  unlike  in  their 
appeai*ance  under  a  low  power  of  the  microscope.  (Plate  IV.,  Figs.  10a  and  12a.) 
The  growth  in  tubes  of  gelatin  is  also  noticeably  different.  (Plate  IV.,  Figs.  lOb  and 
12c.) 

2.  On  agar,  B.  jaruhinua  forms  a  tough  skin ;  B.  violaceus  LauretUiU8,  on  the  con- 
trary, gives  a  moist  and  slimy  growth. 

8.  On  potato  tlicre  is  the  same  difference  as  that  observed  in  the  growths  upon 
agar;  and,  moreover,  the  growth  of  B.  janthinus  upon  potato  always  has  a  beagled 
appearance,  due  to  its  being  covered  with  small,  shining  projections.  The  growth 
of  B.  violaceus  Laurentius  on  potato  is  always  smooth  and  might  almost  be  called 
slimy. 

4.  In  the  nitrate  broth  (p.  828)  B,  janthinus  grows  vigorously,  and  renders  the 
broth  exceedingly  turbid ;  but  the  broth  itself  does  not  assume  a  violet  color,  although 
the  huge  zooglosal  sheets  that  are  formed  are  themselves  richly  colored.  B.  rioiaceits 
Laurentius^  on  the  other  hand,  does  not  form  the  zoogloeal  sheets,  but  docs  colur 
the  broth  a  deep  violet.  That  is  to  say,  the  coloring  matter  produced  by  the  latter 
is  soluble  in  water ;  that  produced  by  the  former  is  apparently  not  so  soluble. 

5.  One  of  the  most  marked  differences  between  these  two  species  is  in  their 
action  upon  milk.  B.  violaceus  Laurentius  coagulates  the  milk  quite  rapidly,  aud 
makes  it  strongly  acid.  B.  janthinus  does  not  coagulate  milk ;  and,  after  two  or 
three  weeks'  growth,  the  milk  is  usually  slightly  alkaline,  sometimes  strongly  so,  but 
it  is  never  acid. 


Differenoes  between  B.  VIOLACEUS   and  B.  VIOIlACEUS 
LAURENTIUS. 

1.  B.  violaceus  Laurentius  shows  a  very  lively,  independent  forward  movement ; 
the  B.  violaceus  described  by  the  Frankhinds  ("  Zeitschr.  fUr  Hygiene,''  1889,  Bd.  T/., 
Hejt  IILfP,  394)  shows  **  nur  vibrirende  oder  rotirende  BewegungenJ" 

2.  B,  violaceus  Laurentius  grows  rapidly  and  luxuriantly  upon  potato;  B. 
violaceus  does  not  grow  at  all  upon  that  medium. 

8.  The  appearance  of  the  two  kinds  of  colonies  upon  a  gelatin  plate  is  widely 
different.  We  have  never  observed  the  gi-owth  which  is  represented  by  the  Frauk- 
lands  as  I>eing  characteristic  of  B.  violaceus. 

It  is  of  course  an  open  question  as  to  whether  these  three  distinct  kinds  of 
bacteria,  all  of  which  agree  in  producing  a  violut  color  on  proper  media,  should  be 
classed  as  mere  varieties  or  as  distinct  species.  The  present  state  of  bacteriological 
classification  does  not  warrant  a  decided  opinion  in  either  direction. 
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EXPLANATION.  OF   THE   PLATES. 


The  pbolograpbs  from  which  the  lUustratioDs  have  been  made  were  all  executed  by  Dr.  R. 
R.  Andrews  of  Cambridgei  Mass.,  and  their  success  is  due  largely  to  his  untiring  labors  in 
moments  taken  from  a  bufy  t  rgfessional  lile.    The  photographs  of  the  bacterial  preparations 

—  stained  with  aniline  oil  fucbsin,  after  Loffler  {"CentralbL  /.  Bakt.,"  Bd,  VI,  1869,  p.  209) 

—  were  taken  with  the  Zeits  2  mm.  apochromatic  objective  and  the  No.  12  compensation 
ocular ;  those  of  the  colonies  on  geUtin  plates,  with  the  16  mm.  objective  and  the  No.  6  com- 
pensation ocohur ;  the  test-tube  cultures  are  all  of  natural  size. 

I  wish  also  to  acknowledge  my  obligations  to  Mr.  £.  0.  Cockayne  of  the  Boston  Photogravure 
Company  for  the  interest  and  care  with  which  be  has  attended  to  the  details  of  the  repro- 
duction. 


PLATE   I. 

Fig.  la.  —  Bacillus  ubiquitus.  —  Stick  culture  in  gelatin,  eight  days  old. 
(Natural  size  ) 

Fio.  16.  —  Bacillus  ubiquitus.  —Young  colouics,  gelatin  plate  two  cla3S  old. 
(X  80  ) 

Fig.  Ic.  —  Bacillus  ubiquitus.  —  Preparation  from  a  two  days'  old  agar  cult- 
ure,   (x  1,000.; 

Fig.  2a.  — Bacillus  circulans.  —  Preparation  from  a  five  days'  old  agar  cult- 
ure,    (x  1,000  ) 

Fig.  26.  —  Bacillus  circulans.  —  Stick  culture  in  gelatin,  four  days  old. 
(Natural  size. ) 

Fig.  2c.  —  Bacillus  circulans.  —  Young  colony,  gelatin  plate,  about  thirty-six 
hours  old.     (x  80  ) 

Fig.  3a.  —Bacillus  cyanogenus.  —Young  colony,  gelatin  plate,  about  three 
days  old.     (x80.) 

Fig.  36.  —Bacillus  cyanogenus.  —  Preparation  from  a  four  days'  growth  on 
potato,     (x  1,000) 

Fig.  3c.  —  Bacillus  cyanogenus.  —  Stick  culture  in  gelatin,  four  days  old. 
(Natural  size.) 

PLATE  II. 

Fig.  4a.  —  Bacillus  superflcialis.  —  Stick  culture  in  gelatin,  eight  days  old. 
(Natural  size  ) 

Fig.  46.  —  Bacillus  superflcialis.  —  Preparation  ftom  a  three  days'  growth 
on  agar,     (x  1,000.) 

Fig.  4c.  — Bacillus  superflcialis.  —  Young  colonics,  gelatin  plate,    (x  80.) 

Fig.  6a.  —  Bacillus  reticularis.  —  Very  young  colony,  gelatin  plate,     (x  80  ) 
Fig.  56.  —Bacillus  reticularis.  —  Stick  culture  in  gelatin,  three  days  old. 

(Natural  size.) 

Fig.  6c.  —  Bacillus  reticularis.  —  Preparation  from  a  seven  days'  old  agar 

culture.     Cx  1,000  ) 
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Fig.  Ca.  —  Bacillus  rubosoens.  —  Young  superficial  colonies,  gelatin  plate. 
(x  80.) 

Fig.  Gb.  —  Bacillus  rubesoens.  —  Preparation  from  a  three  dajs'  growth  on 
agar,     (x  1,000  ) 

Fig.  6c.  — Bacillus  rubescens.  —  Stick  culture  in  gelatin,  about  five  dajs  old. 
(Natural  size.) 

PL.\TE  III. 

Fig.  7a.  —  Bacillus  hyalinus.  —  Preparation  from  a  three  days*  growth  on 
potato,     (x  1,000.) 

Fig.  76. — Bacillus  hyalinus.  —  Youn^  colony,  gelatin  plate,  about  thirty-six 
hours  old.     (x  80  ) 

Fig.  7c.  —  Bacillus  hyalinus.  —  Stick  culture  in  gelatin,  fourteen  days  old. 
(Natural  size  ) 

Fig.  8a.  — Bacillus  cloacsB.  — Young  superficial  colony,  gelatin  plate,    (x  80.) 
Fig.  Sb.  — Bacillus  cloaces.  —  Stick  culture  in  gelatin,  three  days  old.  (Natural 
size  ) 

Fig.  8c.  —  Bacillus  cloacae.  —  Preparation  from  a  two  days*  growth  on  potato. 

(x  1,000.) 

Fig.  9a.  —  Bacillus  delicatulus.  —  Stick  culture  in  gelatin,  three  days  old. 
(Natural  size.) 

Fig.  05. —Bacillus  delicatulus.  —  Preparation  from  a  two  days'  growth  on 
potato,     (x  1,000.) 

Fig.  Oc  — Bacillus  delicatulus.  — Young  colonics,  gelatin  plate,  about  two 
days  old.     (x  80. ) 

PL.VTE   IV. 

Fig.  10a.  —Bacillus  violacous  Latirentius.  —Young  colonies,  gelatin  plate, 
about  three  days  old.     (x  80.) 

Fig.  10ft.— Bacillus  violaceus  Laurentius.  —  Stick  culture  In  gelatin,  four 
days  old.     (Natural  size.) 

Fig.  lOc.  —  Bacillus  violaceus  Laurentius.  —  Preparation  from  a  four 
days*  old  agar  culture,     (x  1,000.) 

Fig.  11a.  —  Proteus  Zenkeri.  —  Stick  culture  In  gelatin,  five  days  old.  (Natural 
size.) 

Fig.  1 1 6.  —  Proteus  Zenkeri.  —  Very  young  colony,  gelatin  plate,    (x  80. ) 

Fig.  lie— Proteus  Zenkeri.  —  Preparation  from  a  six  days*  growth  on  agar. 
(x  1,000.) 

Fig.  llcZ.  —  Proteus  Zenkeri. —•*Klatsch-Prftparat,*'  from  a  gelatin  plate- 
culture,     (x  1,000.) 

Fig.  12a. —Bacillus  janthinus. —  Young  colonies,  gelatin  plate,  about  four 
days  old.     (x80.) 

Fig.  126.  —  Bacillus  janthinus.  —  Preparation  from  a  four  days*  growth  on 
agar,     (x  1,000.) 

Fig.  12r.  — Bacillus  janthinus.  —  Stick  culture  in  gelatin,  four  days  old. 
(Natural  size.) 
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VI.     A    General    Account    of    the    Biological   Phenomena 
Observed  in  the  Intermittent  Filtration  of  Sewage. 

The  purification  of  sewage  by  intermittent  filtration  involves  not 
only  the  fate  of  the  vast  numbers  of  micro-organisms  in  sewage  (see 
p.  816),  but  also  the  functions  of  those  micro-organisms  to  the 
activity  of  which  the  purifying  mechani:>m  —  the  so-called  "  filter  "  — 
chiefly  owes  its  potency  (see  p.  7).  Constant  watch  has  been  kept, 
therefore,  upon  the  biological  composition  of  the  sewage  applied  to, 
and  of  the  eflluents  recovered  from,  the  several  filters,  in  order  to 
discover  the  effects  of  filtration  upon  the  sewage  organisms,  while 
in  addition,  portions  of  the  filters  themselves  have,  from  time  to 
time,  been  withdrawn  and  subjected  to  examination,  in  order  that 
we  might  learn  not  merely  the  changes  wrought  upon  the  liquid  to 
be  purified,  but  also  the  constitution  of  the  purifying  mechanism. 

In  the  course  of  these  repeated  observations  certain  important 
phenomena  have  come  to  light,  common  to  all  the  filters,  while 
others  equally  important  to  the  theory  of  sewage  disposal  by  this 
method,  though  less  general  in  their  application,  have  also  been 
discovered.  These  have  been  discussed  already  in  the  foregoing 
repoil  of  Mr.  Mills,  but,  from  the  biological  point  of  view,  may  be 
further  considered  here. 

The  Fate  of  the  Microscopical  Organisms. 
The  microscopical  organisms  (see  p.  816),  such  as  yeast,  Lepto- 
thrix,  the  infusoria,  the  algoe,  etc.,  occurring  in  sewage,  appear 
normally  to  perish  in  the  filters.  Some  of  the  smallest  forms,  such 
as  yeast  and  Chlorococcus,  moving  with  the  most  forward  particles 
of  the  sewage,  may,  when  the  sewage  is  applied  to  a  tank  of  coarse 
sand  after  a  considerable  interval,  pass  by  the  films  of  liquid  held 
upon  or  between  the  sand  grains,  and,  displacing  air,  sink  quite 
rapidly  to  the  floor  of  the  tank  (see  p.  410).  Furthermore,  the 
spores  or  ova  of  these  larger  micro-organisms,  which  are  usually 
smaller  and  better  able  to  resist  unfavorable  conditions,  may  survive 
and  escape  from  the  filters,  when  the  adult  forms  are  detained  and 
destroyed.  On  the  other  hand,  the  extremely  small  numbers  of 
these  organisms  in  the  effluents  (see,  e.g.y  pp.  47-51,  258,  316,  414, 
etc.)  ;  their  complete  absence  from  the  body  of  the  filtering  material 
of  the  several  tanks ;  the  direct  evidence  of  flourishing  animal  and 
vegetable  life  in  the  underdrains,  etc.,  obtained  by  examination  of 


Digitized  by  VjOOQ IC 


846  BIOLOGICAL  WORK  OF  THE  STATION. 

the  drains  of  Tank  No.  5  (see  p.  365)  ;  the  results  obtained  by 
washing  out  the  underdrains  and  discharge  pipes  of  certain  tanks 
(p.  49)  ;  and  the  character  of  the  fauna  and  flora  of  the  effluents, 
which  indicates  their  origin  in  drains,  pipes,  etc.  (p.  50), — all, 
taken  together,  prove  that  very  few,  if  any,  of  the  microscopical 
organisms  applied  in  the  sewage  survive  to  escape  in  the  effluents. 
Moreover,  studies  of  the  uppermost  layers  of  the  tanks  prove  that 
these  organisms  are  destroyed  soon  after  they  pass  below  the 
surface. 

The  history  of  yeast  in  this  connection  is  specially  instructive, 
and  probably  typical.  As  has  been  shown  above,  the  sewage 
applied  to  the  tanks  contains  large  numbera  of  living  yeast  cells 
(see  p.  817).  A  microscopical  examination  of  the  sand  composing 
the  surface  layer  of  a  tank  of  fine  sand  (Tank  No.  2)  shows  also  the 
presence  of  abundant  living  yeast  cell3.  Sand  taken  from  a  layer 
only  a  few  inches  lower  shows  no  yeast  cells  whatever ;  and,  between 
the  two,  the  cells  are  found  in  a  disintegrated  condition.  This  is 
particularly  the  case  at  a  depth  of  half  an  inch  to  one  and  one-half 
inches.  Processes  are  obviously  at  work  here  which  first  kill,  and 
then  disintegrate  beyond  the  possibility  of  recognition,  the  yeast 
cells  arriving  in  the  sewage.  The  presence  of  fragments  of  algae, 
of  living  infusoria,  etc.,  at  the  surface  of  such  a  tank,  is  also  easy  to 
recognize  ;  but  at  the  depth  of  a  very  few  inches  no  such  organisms 
are  ordinarily  found.  On  the  other  hand,  there  is  no  evidence  of 
accumulation  of  these  forms  upon  the  surface.  They  are  apparently 
removed  as  rapidly  as  they  are  applied.  The  *'  scum  "  or  **  scurf," 
referred  to  above,  upon  some  of  the  tanks  has  not  been  due  to  a 
deposit  strained  out  of  the  sewage,  but  rather  to  a  new  growth  of 
Ulothrix,  Oscillaria,  or  sonae  similar  filamentous  algse,  which  have 
found  the  intermittently  irrigated  sand  a  favorable  dwelling-place. 
It  has  occurred  but  seldom,  and  has  been  easily  killed  out  by  pro- 
longing the  intervals  between  the  applications  of  sewage,  by  exposura 
to  the  sunshine,  etc. 

The  presence  of  abundant  bacteria  in  the  uppermost  layers  of  the 
sand  of  the  several  tanks,  coinciding  as  it  does  with  the  disintegra- 
tion of  these  solid,  and  even  living,  elements  of  the  sewage,  suggests 
that  the  destruction  of  the  latter  at  this  level  is  really  due*  to  an 
active  fermentation  or  decomposition,  effected  by  the  ordinary  bac- 
teria. In  sewage  these  are  doubtless  hindered  in  their  work  by  the 
absence  of  oxygen  ;  but  in  the  upper  layers  of  the  filters  they  find  all 
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the  conditions  which  are  necessary  for  their  full  activity.  Further 
studies  are  now  being  made  upon  the  precise  nature  of  these 
impoilant  processes. 

The  Fate  of  the  Sewage  Bacteria. 

One  of  the  most  striking  phenomena  of  intermittent  filtration  is 
the  almost  total  disappearance  of  the  sewage  bacteria  in  the  filters. 
A  comparison  of  the  numbers  of  bacteria  applied  in  the  sewage 
(see  p.  60)  with  those  in  the  effluents  (see  pp.  60,  147,  246-247, 
263,  301,  318,  396,  etc.)  suffices  to  show  the  enormous  reduction 
of  bacteria  during  filtration,  and  it  only  remains  to  observe  that  the 
numbers  present  in  the  filters,  though  large,  are  totally  inadequate 
to  account  for  the  difference,  in  order  to  perceive  that  the  filters  do 
not  merely  detain,  but  actually  destroy,  the  greater  part  of  the  ordi- 
naiy  bacteria  arriving  in  the  sewage  (see  pp.  59, 155,  269,  413,  etc.). 
The  practical  consequences  of  these  facts  are  so  important  that 
much  time  and  thought  have  been  spent  in  discovering  if  it  be  not 
possible  to  remove  all  bacteria  by  intennittent  filtration.  The  dis- 
cussion of  the  experiments  bearing  upon  this  question,  and  the 
conclusions  thus  far  reached,  are  given  beyond  (pp.  850-855).  It 
may  be  said  here,  however,  that  the  methods  at  present  available 
for  the  detection  of  the  bacteria  are  of  somewhat  limited  application, 
and  that  the  question  involves  difficulties  of  considerable  magnitude. 

One  phase  of  the  disappearance  of  the  bacteria  deserves  special 
notice.  It  is  most  marked  during  the  process  of  nitrification.  Pre- 
vious to  the  beginning  of  nitrification,  iA  the  several  tanks,  the  bac- 
teria found  in  the  effluent,  though  usually  extremely  small  percentages 
of  those  applied  in  the  sewage,  were  still  present  in  considerable 
numbers.  But,  with  the  beginning  of  nitrification,  the  bacteria  in 
the  effluent  declined ;  and,  the  more  complete  the  nitrification,  the 
more  scanty  have  been  the  bacteria.  This  is  well  shown  in  the  dis- 
cussion of  Mr.  Mills  upon  the  results  obtained  in  Tanks  No.  I.  and 
No.  II.  (pp.  54,  262,  etc  ,  and  especially,  in  the  General  View  of 
the  Eesults,  pp.  582-597).  The  cause  of  the  death  of  the  ordinary 
sewage  bacteria  in  the  tanks,  especially  during  nitrification,  is  not 
yet  entirely  clear.  It  may  be  that  the  activity  of  the  nitrifying 
organisms  is  of  itself  inimical  to  the  ordinary  bacteria ;  but  further 
experiments  will  be  necessary  in  order  to  explain  all  of  the  facts 
in  our  possession. 

Another  peculiarity,  common  to  nearly  all  of  the  tanks,  is  the 
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fact  that,  when  sewage  is  first  applied  to  a  sand  filter,  it  is  but 
slightly  purified  chemically,  and  the  bacteria  in  the  effluent  are  more 
abundant  than  at  any  later  time  (see  pp.  52-54,  60,  147).  This  is 
true  even  when  the  sand  has  been  previously  freed  from  bacteria, 
or  sterilized  (see  p,  502).  It  is  not  yet  entirely  clear  as  to  the 
cause  of  this  phenomenon,  but  it  does  not  appear  likely  that  the 
explanation  of  a  similar  phenomenon  observed  by  Piefko  in  con- 
tinuous filtration,  and  suggested  by  him  to  account  for  it,  will 
suffice  in  this  case.  Piefke  considers  the  discharge  in  some  cases, 
of  more  germs  than  are  applied,  as  due  to  a  liquefaction  or  solution 
of  the  superficial  deposit  of  bacteria,  or  of  a  portion  of  it  Here, 
however,  there  is  no  such  deposit,  and  it  appears  rather  as  if  the 
sewage  bacteria,  finding  abundant  food  and  oxygen  in  the  sand, 
survived  at  first,  or  even  increased  slightly,  while  afterwards  they 
found  the  conditions  less  favorable,  and  mostly  perished. 

The  Biological  Composition  of  the  Filters. 
Besides  the  bacteria  found  in  the  materials  of  which  the  filters  are 
made,  the  microscope  reveals  a  variable  quantity  of  brown  flakes, 
or  flocks,  of  amorphous  matter,  which  appear  to  be  largely  a  peculiar 
form  of  bacterial  jelly,  mycoderm  or  zoogloea.  This  is  so  constant 
throughout  all  the  tanks,  and  apparently  so  characteristic,  that  it 
demands  special  consideration.  From  what  has  been  said  above, 
it  is  evident  that  it  is  the  only  organic  material,  visible  with  the 
microscope,  which  occurs  throughout  the  tanks,  from  top  to  bottom. 
It  cannot  be  regarded  as  an  accidental  accumulation  of  dSris^  since 
it  is  essentially  uniform  in  character,  and  is  attached  to  the  sand- 
grains  as  if  it  had  formed  there,  rather  than  as  if  it  had  been  acci- 
dentally detained.  From  its  connection  with  the  sand-grains  and 
its  microscopical  appearance,  there  is  no  reason  to  doubt  that  it  is, 
for  the  most  part  at  any  rate,  the  peculiar  gelatinous  condition  of 
bacterial  development  known  as  mycoderm  or  zoogloea.  Its  abun- 
dance in  the  sands  is  remarkable,  nearly  every  grain,  in  some  cases, 
being  clothed  with  a  mantle  of  zoogloea.  We  have  reason  to 
believe  that  in  this  stage  the  bacteria  are  still  alive  and  active, 
though  they  may  not  grow  upon  our  gelatin  plates.  We  also  have 
some  indications  that  a  sand  filter  is  ineffective  until  this  zoo<;l(£a 
has  begun  to  form,  although  it  appears  that  a  mature  filter  is  not 
a  mechanical  purifier,  but  rather  a  respiratory  mechanism.  The 
analog}''  of  fermentation  by  yeast,  in  which  a  large  amount  of  chem- 
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ical  change  is  effected  by  a  relatively  small  amount  of  yeast,  natu- 
rally suggests  itself,  inasmuch  as  the  chemical  changes  effected  by  a 
mature  filter  are  enormous,  and  out  of  all  obvious  proportion  to  the 
discoverable  changes  in  the  zoogloea,  or  the  nitrifying  organism. 
The  analogy  is  entirely  reasonable,  since  the  fermentations  produced 
by  bacteria  are  known  to  resemble  closely  those  produced  by  yeast. 
It  is  also  possible  that  the  zoogloea  in  the  filters  represents  the 
nitrifying  organism  in  a  peculiar  phase  of  its  life  history.  Experi- 
ments upon  the  character,  distribution,  and  functions  of  this  zo5g- 
Icea,  etc.,  are  still  in  progress,  and  will  be  continued. 

VII.  Variations  ix  the  Bacterial  Composition  of  Certain 
Effluents  after  an  Application  of  Sewage. 

On  assuming  the  direction  of  the  biological  portion  of  the  investiga- 
tions of  the  Lawrence  Experiment  Station  in  1888, 1  was  confronted 
Avith  the  fact  that  the  numbers  of  bacteria  found  in  the  effluents 
varied  greatly  not  merely,  as  was  to  be  expected,  in  different  efflu- 
ents, but  even  in  the  same  effluent  on  successive  occasions.  This 
was  naturally  considered  as  tending  to  show  that  no  special  impor- 
tance could  bo  attached  to  the  bacterial  analyses,  especially  since  the 
chemical  analyses  exhibited  no  such  irregularities,  but  showed  as 
constant  composition  of  the  effluents  as  might  have  been  expected. 
Accordingly,  I  set  to  work  upon  a  filter  which  had  shown  great 
variation  in  the  bacterial  contents  of  its  effluent,  namely,  Tank  No. 
14,  and  collected  a  series  of  samples  of  the  effluent,  beginning  just 
before  the  application  of  sewage,  and  continuing  at  intervals  for 
some  hours.  The  results  of  this  and  numerous  similar  experiments 
conclusively  proved  that  there  is  a  time,  not  long  after  the  applica- 
tion of  sewage  to  this  tank  and  to  others  containing  similar  material, 
when  the  number  of  bacteria  discharged  per  unit  volume  is  many 
times  greater  than  at  any  other  time.  Moreover,  inasmuch  as  this 
period  coincides  in  a  general  way  with  the  period  of  rapid  flow,  it 
follows  that  a  majority  of  all  the  bacteria  discharged  during  the  day 
escape  during  a  comparatively  limited  time.  A  sample  taken  at 
this  time  differs  widely  from  one  taken  before  flowage,  or  long  after. 

In  this  way  the  irregularities  previously  found  were  easily 
accounted  for,  and  a  regular  and  highly  important  variation  in  the 
bacterial  discharge  was  discovered.  Henceforwards  the  rate  of  flow  ^ 
expressed  in  numbers  of  cubic  centimeters  per  minute,  was  added  as 
one  of  the  necessary  data  of  collection.     Numerous  **  series"  of  this 
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kind  have  been  taken,  and  in  some  cases  variations  of  a  marked 
character  have  been  found  in  the  corresponding  chemical  analyses. 
Examples  of  such  "series"  are  to  be  found  on  pp.  84-87,  408,  411. 
In  tanks  com[)osed  of  finer  sand  such  variations  are  much  less 
marked,  or  altogether  absent.  It  still  remained  to  explain  the 
source  of  these  variations,  although  their  regularity  and  importance 
had  become  evident ;  but,  until  Mr.  Mills  brought  to  bear  upon  the 
physical  aspects  of  the  problem  his  well-known  attainments  in 
hydrology,  no  consistent  explanation  was  brought  forward.  Mr. 
Mills's  theory,  which  may  be  found  briefly  stated  upon  p.  410, 
appears  to  me  to  bo  highly  probable,  and  of  the  utmost  importance, 
since  it  enables  us  to  advance  one  step  nearer  to  the  physiological 
action  of  the  filter,  giving  us  a  picture  of  the  intrinsic  mechanical 
arrangements  of  the  filtering  apparatus,  and  showing  how  the  sewage 
is  disposed  during  its  purification,  how  some  sewage,  in  coarse 
sand  filters,  passes  almost  directly  through,  while  the  rest  is  almost 
instantly  subjected  to  the  purifying  process. 

Upon  this  theory  it  is  easy  to  see  why  the  bacterial  fluctuations 
are  more  readily  detected  than  the  chemical.  It  is  because,  since 
only  a  little  sewage  reaches  the  bottom,  the  enormous  numbers  of 
bacteria  mingling  with  a  fluid  containing  very  few,  make  a  relatively 
great  impression;  while  the  ammonias,  etc.,  differing  less  from 
those  of  the  efliiuent  than  the  sewage  bacteria  differ  from  the  effluent 
bacteria,  produce  a  correspondingly  slight  impression.  This  has 
been  confirmed  by  a  more  recent  experiment,  in  which  a  tank  of 
coarse  sand,  filtering  city  water,  was  flooded  with  sewage.-  The 
arrival  of  the  sewage  in  the  eflluent  was  indicated  first  by  the  arrival 
of  larger  numbers  of  bacteria,  and  next  by  the  increase  in  chlorine 
(see  pp.  45,  4G,  85).  It  is  plain  that,  if  the  theory  referred  to 
be  coiTcct,  filters  of  fine  sand  which  retain  a  large  amount  of  fluid 
should  show  less  fluctuation  of  bacteria  with  varying  rates  of  flow. 
Experiments  upon  Tank  No.  2  have  shown  that  this  is  actually  the 
case  (see  pp.  272,  273). 

VIII.  Tub  Passage  of  Bacteria,  and  Especially  op  Bacillus 
Prodigiosus,  Through  Certain  Sand  Filters, 
From  what  has  been  said  above  (p.  847),  it  is  clear  that  a  very 
large  percentage  of  the  organisms  of  the  sewage  perish  in  the  filters, 
during  intermittent  filtration.  The  question  naturally  arises,  Do 
any  of  the  sewage  organisms  live  to  pass  through,  or  are  they  all 
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destroyed  within  the  filters?  those  that  are  found  in  the  effluent 
being  accounted  for  as  having  come  from  the  discharge  pipes,  undcr- 
drains,  tank  floors,  etc.,  or  from  the  air.  The  hygienic  importance 
of  this  question  is  obvious,  when  we  consider  the  extreme  desirability 
of  removing  all  pathogenic  germs  from  the  sewage.  At  the  same 
time,  the  difficulty  of  solving  the  problem  was  great  in  some  case*, 
inasmuch  as  the  kinds  of  bacteria  likely  to  occur  in.the  air,  in  sew- 
age, in  pipes  and  drains,  are  very  similar,  or  perhaps  even  identical ; 
and  consequently  the  comparison  of  the  species  in  the  sewage  and 
the  effluents,  apart  from  its  inherent  difficulty,  was  not  likely  to 
yield  immediate  results.  It  was,  therefore,  decided  to  experiment 
directly  with  rich  cultures  of  a  species  of  the  bacteria  foreign  to  the 
station,  which  could  be  applied  in  the  sewage,  and  detected,  if 
present,  in  the  effluents. 

For  this  purpose  Bacillus  prodigiosus  was  chosen.  This  species 
has  never  been  observed  in  the  sewage  or  effluents,  and  is  said 
not  to  exist  native  in  this  country.  It  is  tolerably  hardy,  and 
owing  to  its  exceedingly  rapid  growth  upon  gelatine,  and  its  pro- 
duction of  a  bright-red  color  in  well-developed  colonies,  is  com- 
paratively easy  to  recognize.  Luxuriant  vegetations  of  this  species 
were  prepared  either  in  the  usual  "gelatine  tubes"  or  in  the 
ordinary  '*  bouillon,"  and,  after  attaining  the  extraordinary  develop- 
ment of  which  it  is  capable,  so  that  a  single  cubic  centimeter 
of  the  fluid  contained  millions  of  the  individual  germs,  it  was  ready 
to  be  applied  to  the  tanks.  One  or  two  liters  of  this  fluid,  swarm- 
ing with  the  germs  of  Bacillus  prodigiosus,  were  then  added  to  the 
ordinary  charge  of  sewage,  for  the  larger  tanks,  and  thirty  cubic 
centimeters  or  thereabouts,  to  that  for  the  smaller  tanks,  after  which 
the  mixture  was  poured  upon  the  surface.  The  smaller  tanks  of 
coarse  moitar  sand  were  first  experimented  with,  and  samples  of  the 
effluent  were  collected,  beginning  several  hours  after  the  applica- 
tion.. From  data  obtained  since  that  time  it  appears  likely  that 
these  Collections  did  not  begin  early  enough  to  secure  the  largest 
discharge  of  germs. 

The  results  proved  conclusively,  however,  that  Bacillus  pro- 
digiosus passes  through  these  tanks  of  coarser  sand.  The  num- 
ber of  germs  discharged,  as  compared  with  the  number  applied, 
was  extremely  small,  which  indicated,  so  far  as  it  went,  that 
most  of  those  applied  had  perished  in  the  sand,  precisely  as 
those  from  the  sewage  mostly  perish,  during  the  ordinary  opera-- 
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tions  of  intermittent  filtration.  In  the  first  experiment  Tank  No.  14 
was  used,  and  three  tubes  of  gelatine,  already  liquefied  by  the  culture, 
in  all  some  thirty  cubic  centimeters,  were  added  to  the  sewage  charge. 
This  tank  had  previously  been  fitted  with  side  taps  at  different  levels, 
in  order  to  test  the  bacterial  composition  of  the  descending  fluid, 
step  by  step.  Whenever  it  was  desired  to  use  these  taps,  they  were 
first  sterilized  by  directing  against  them  the  flame  of  a  plumber's 
naphtha  burner.  In  the  present  experiment  the  fluid  collected  from 
such  a  tap,  one  foot  from  the  surface,  seven  minutes  after  the  appli- 
cation, contained  Bacillus  prodigiosus.  The  outflow  from  the  same 
tap,  three  minutes  later,  also  contained  this  species,  as  did  that  from 
a  tap  thirty  inches  from  the  surface,  twelve  minutes  after  the  appli- 
cation. It  was  not  looked  for  in  the  effluent  on  this  day  (Nov.  21, 
1888),  but  was  found  in  the  effluent  of  the  22d  on  three  separate 
trials,  as  well  as  in  that  from  the  thirty-inch  side  tap.  It  was  also 
found  in  the  effluent  of  the  same  tank  three  days  after  the  applica- 
tion (November  24)  and  seventeen  days  after  (December  8).  It 
was  not  found  at  any  later  time,  and,  although  hundreds  of  examina- 
tions of  the  effluent  of  this  tank,  and  of  the  sand  composing  it,  have 
l)een  made,  it  has  never  been  found  since.  The  conclusion  is  inevi- 
tal)le  that  it  speedily  died  out. 

The  next  experiment  was  upon  a  tank  of  similar  material.  Tank 
No.  13,  on  Dec.  5,  1888.  As  before,  three  tubes,  or  thirty  cubic 
centimeters  of  a  rich  culture  of  B.  prodigiosus,  were  applied  in  the 
sewage  charge.  On  the  7th  this  species  was  found  in*  the  effluent, 
and  also  on  the  8th,  after  which  it  disappeared  completely. 
Apparently  it  died  out  even  more  speedily  than  in  the  first 
experiment. 

It  should  be  observed  that  the?e  experiments,  proving  the  direct 
passage  of  bacteria  through  intermittent  sand  filters,  were  made 
several  months  before  those  of  Fraenkel  and  Piefke  upon  continu- 
ous sand  filters,  and  are  probably  the  first  ever  made,  in  which  the 
possibility  of  the  passage  of  a  particular  species  through  a  sand 
filter  was  indubitably  established.  It  is  also  interesting  to  remark 
that  the  belief,  which  appears  to  have  been  widespread,  that  bac- 
teria cannot  survive  to  pass  through  sand  filters  (those  observed 
in  the  effluents  being  considered  as  due  to  contaminations  of  one 
sort  or  another),  is  shown  by  our  experiments  to  be  as  fallacious 
in  the  case  of  intennittent  filtration  as  it  has  been  shown  to  be  in 
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the  case  of  continuous  filtration  by  the  experiments  of  Fraenkel  and 
Piefke.* 

Fraenkel  and  Piefke  employed  in  their  experiments  Bacillus 
violaceus  instead  of  B.  prodigiosus.  Two  or  more  varieties  of  this 
species  occur  in  our  effluents  at  the  Lawrence  Experiment  Station 
(see  p.  841),  so  that  B.  violaceus  was  obviously  less  adapted  for 
our  use  than  B.  prodigiosus. 

The  foregoing  experiments  having  shown  that  bacteria  may  pass 
through  filters  composed  of  coarse  mortar  sand  (see  pp.  14,  122), 
and  escape  in  the  living  condition  in  the  effluent,  though  in  very 
small  numbers  in  comparison  with  those  applied  to  the  surface, 
other  experiments  were  made  in  the  following  spring  and  summer 
upon  the  larger  tanks  out  of  doors.  Thus,  upon  May  21,  1889,  an 
experiment  was  begun  upon  Tank  No.  1  (see  pp.  55,  56)  ;  but, 
although  the  number  applied  w^as  enormous,  and  the  effluent  was 
repeatedly  examined,  no  colonies  of  B.  prodigiosus  were  found  in 
the  effluent.  A  similar  experiment  was  made  upon  this  tank  on 
June  20 ;  but,  although  the  examinations  of  the  effluent  were 
frequent  and  long  continued,  no  B.  prodigiosus  was  found. 

In  these  two  experiments  upon  Tank  No.  1,  the  bouillon  contain- 
ing the  bacteria  was  mingled  with  the  sewage  as  the  latter  flowed  on. 
for  the  regular  charge.  Despairing  of  detecting  the  lest  germs  by 
this  method,  a  large  quantity  of  liquid,  containing,  in  all,  by  esti- 
mate, 11,000,000,000  of  these  organisms,  was  applied  to  one  square 
foot  of  the  surface  of  Tank  No.  1  (see  p.  5G)  ;  and,  to  give  it  every 
opportunity,  the  uppermost  inch  of  sand  was  previously  scraped  oflV 
But,  even  when  thus  introduced  into  the  body  of  the  filter,  as  it 
were,  only  two  colonies  were  ever  recovered  from  the  effluent. 
Some  of  the  germs  may  have  passed  out  before  examinations  began 
(see  p.  56)  ;  but  inasmuch  as  the  effluent  from  this  tank  is  still 
being  repeatedly  examined,  and  no  B.  prodigiosus  appears,  it  is  fair 
to  conclude  that  it  speedily  died  out  here  as  before.  An  experi- 
ment similar  to  those  upon  Tanks  No.  13  and  14,  and  the  first  two 
upon  Tank  No.  1,  was  made  on  March  6,  1889,  upon  Tank  No.  2, 
composed  of  fine  sand  ;  and  on  May  23  upon  Tank  No.  6,  composed 
of  mixed  coarse  and  fine  sand ;  but  no  colonies  of  B.  prodigiosus 
were,  either  then  or  since,  detected  upon  the  culture  plates  from 

♦  Fraenkel,  Dr.  C,  and  Piefke,  C.  *•  Die  Lelstnngen  der  Sand  filtration,"  Zeit.  fUr  Hygiene, 
Bd.  8. 1890.  Bertechinger.  "  Untersuchungen  liber  die  Wirking  def  Sandfi'ter  d.  Stadt.  Was- 
BBTwerke  in  Zorlch."    Vierteljaliresschrift  d.  Naturforsch.  Gesellschaft  in  Zttricli.    1889. 
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their  respective  effluents.  Thus  it  became  clear  that,  while  a  foreign 
species  of  bacteria,  if  applied  in  sufficient  numbers  to  tanks  of 
coarse  sand,  may  survive  to  escape  in  exceedingly  diminished  num- 
bers in  the  effluent,  there  was,  as  yet,  no  evidence  whether  or  not 
an  indigenous  species  might  pass  more  or  less  readily  through  simi- 
lar tanks,  or  through  tanks  of  finer  sand.  Such  direct  evidence  as 
had  been  thus  far  obtained  indicated  that,  if  such  species  pass 
through  at  all,  it  is  only  in  vastly  diminished  numbers. 

But  if  the  bacteria  do  not  live  to  pass  out  in  the  effluent,  they 
must  originate  upon  the  floor  of  the  tank,  in  the  underdniins  or  in 
the  discharge  pipes.  The  direct  examination  of  the  drains  of  Tank 
No.  5  (p.  365)  had  already  proven  the  existence  there  of  conditions 
favorable  to  vegetation ;  direct  examinations  of  the  discharge  pipe 
of  one  of  the  tanks  with  purest  effluent  (Tank  No.  2)  had  estab- 
lished the  presence  there  of  large  numbers  of  bacteria  (see  p.  2G8)  ; 
while  the  multiplication  of  ''series''  had  shown  that,  in  a  general 
way,  the  greatest  numbers  of  bacteria  are  discharged  during  the 
greatest  velocity  of  flow  (see  p.  849).  It  seemed  plausible,  there- 
fore, to  suppose  that,  upon  the  assumption  of  no  bacterial  discharge 
from  the  tanks,  the  bacteria  found  in  the  effluents  had  been  washed 
away  by  the  effluent  stream  from  their  sources  of  origin  upon  the 
floor  or  within  the  drains  of  the  tanks  or  from  the  discharge  pipe. 
Naturally,  the  greater  the  velocity  of  the  stream,  the  more  bacteria 
Would  be  dislodged  and  carried  out,  while  the  gentler  stream, 
giving  low  rates  of  flow,  would  be  ineffective  in  itself,  and  in  com- 
parison with  its  more  rapid  predecessor. 

At  this  juncture  a  new  series  of  experiments  was  devised  and 
suggested  by  Mr.  Mills,  by  which  the  problem  was  approached 
from  an  entirely  different  direction.  Inasmuch  as  the  effluent 
at  low  rates  of  flow  brings  comparatively  few  bacteria,  Mr.  Mills 
proposed  that  wo  should  put  a  cap  over  the  effluent  pipe,  and 
hold  back,  or  accumulate,  the  water  arriving  at  a  low  rate  of 
flow,  until  it  was  sufficient  to  fill  the  pipe  and  the  underdrains, 
and  to  cover  the  floor  of  the  tank.  It  was  then  to  be  allowed 
to  flow  out  at  a  rapid  rate ;  and,  if  the  bacteria  of  the  effluents  are 
really  dislodged  by  the  velocity  of  the  ordinary  effluent,  they  should 
be  dislodged  equally  well  by  the  water  thus  let  out.  It  was  not 
claimed  that  the  experiment  exactly  duplicated  the  conditions  present 
at  the  time  of  rrynd  flow  from  the  tanks,  but  it  was  believed  to 
imitate  those  conditions  sufficiently  for  our  purpose.     In  some  cases, 
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instead  of  causing  a  slow  accumulation  of  the  effluent  itself,  filtered 
water  of  known  bacterial  composition  was  run  in,  and  then  allowed 
to  flow  rapidly  out.  The  details  of  these  experiments  are  given  above 
(pp.  47-49,  56,  57,  85-87,  269-271).  They  showed  that  the  num- 
ber  dislodged  mechanically  by  a  rapidly  flowing  stream  is  far  too 
small  to  explain  the  discharge  of  bacteria  in  the  ordinary  effluents 
of  the  tanks  of  coarser  sand,  as  being  due  to  a  similar  cause.  The  only 
alternative  is  to  conclude  that  these  bacteria  are  chiefly  derived,  not 
from  the  pipe  or  drains  or  floor  of  the  tank,  but  from  the  body  of 
the  tank  itself. 

These  considerations,  however,  obviously  do  not  settle  the  prob- 
lem for  tanks,  such  as  Tank  No.  2,  which  discharge  but  few  bacteria, 
sometimes  for  a  long  period.  It  is  still  somewhat  uncertain  whether 
or  not  all  the  sewage  bacteria  are  destroyed  by  this  filter ;  but  it  is 
hoped  that  a  systematic  and  specific  comparison  of  the  bacteria 
discharged,  with  those  observed  in  the  body  of  the  tank,  may  eventu- 
ally enable  us  to  settle  the  question. 

IX.  Effects  of  the  Application  of  Bouillon,  Peptone,  Salt- 
Sugar,  Ammonium  Chloride,  and  Sulphuric  Acid,  upon  the 
Bacterial  Discharge  from  the  Filters, 
In  the  course  of  the  foregoing  experiments  upon  the  passage  of 
Bacillus  prodigiosus  through  the  filters,  it  was  noticed  that  the 
ordinary  bacteria  were  unusually  abundant  in  the  effluent.  This 
result  appeared  to  be  a  consequence  of  the  addition  of  one  liter  of 
bouillon  to  the  charge  of  city  water.  Moreover,  although  this  bouillon 
was  full  of  B.  prodigiosus,  but  few,  comparatively,  appeared  to  survive 
the  passage.  As  the  culture  was  a  *'  pure  "  one,  i.e.,  contained  only 
the  foreign  species,  and  as  the  city  water  contained  at  most  but  a  hun- 
dred or  two  of  bacteria  per  cubic  centimeter,  it  was  plain  that  the  large ' 
numbers  present  upon  the  plates  must  have  come  from  the  body  of 
the  filter  itself.  The  question  arose,  Does  the  addition  of  the  food 
materials  of  the  bouillon  produce  a  proliferation  of  the  bacteria  living 
in  the  sand?  In  order  to  answer  this  question,  a  similar  quantity  of 
bouillon  prepared  in  the  same  way,  but  thoroughly  sterilized,  was 
applied  to  the  tank.  A  similar  result  followed  (compare  pp. 
151-152). 

The  bouillon  employed  consisted  of  beef  tea  enriched  with  pep- 
tone,—  tile  ordinary  nutrient  bouillon  of  bacteriologists.  Un- 
doubtedly it   supplied  the   bacteria  resident  in  the  sand  with  an 
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abundant  supply  of  rich  food,  and  enabled  them  to  multiply  enor- 
mously. As  this  wave  of  food  material  subsided,  the  bacteria  also 
declined. 

Peptone,  the  principal  nutritive  constituent  of  bouillon,  is  a  som- 
ble,  and  therefore  specially  available,  form  of  nitrogenous  food.  It 
is  probably  superior  in. nutritive  availability  and  value  to  most  of  the 
substances  found  in  sewage.  It  is  therefore  probable  that  even  a 
rich  sewage  would  never  have  an  equal,  although  it  might  have  a 
similar,  effect  upon  the  discharge  of  bacteria  from  sand  filters.  The 
suggestion  is  obvious,  however,  that  the  temporary  effect  of  increased 
food  materials  arriving  in  the  sewage  may  be  to  increase  the  dis- 
charge of  bacteria.  A  permanent  increase  would  probably  have  no 
such  effect.  The  filter  would  soon  adapt  itself  to  its  new  work. 
This  is  well  shown  in  the  experiments  instituted  by  Professor  Drown 
and  Mr.  Hazen,  and  described  on  pp.  498-500,  503,  726.  To  Tank 
No.  11,  which  had  been  filtering  city  water,  there  was  suddenly 
applied,  on  March  9,  1889,  a  solution  of  peptone  (see  p.  498)  in 
city  water.  On  March  12  the  bacteria  in  the  effluent  were  found  to 
be  18,819,  and  on  March  19,  13,377  ;  but  on  March  23  only  60,  and 
on  March  26,  18,  the  dose  meanwhile  continuing  the  same.  Higher 
numbers  were  foundi  at  times,  but  during  June  the  filter  had  so 
perfectly  accommodated  itself  to  its  new  work  that  the  average 
discharge  for  the  month  was,  in  four  examinations,  2.5  bacteria 
per  cubic  centimeter.  It  must  be  borne  in  mind  that  compara- 
tively few  bacteria  were  here  applied.  The  result  may  be  taken 
to  prove  that  no  inordinate  multiplication  of  bacteria  took  place 
permanently  within  the  filter.  After  the  filter  had  adapted  itself  to 
its  work,  that  work  was  practically  perfect,  both  chemically  and 
bacteriological ly  (see  pp.  522  and  530). 

The  effect  of  applying  peptone  to  an  intermittent  filter  appears, 
therefore,  to  be  as  follows  :  at  first  there  is  an  increased  discharge 
of  bacteria,  and  an  incomplete  oxidation,  but  this  condition  gradually 
changes  to  one  of  almost  complete  oxidation,  and  the  discharge  of 
very  few,  if  any,  bacteria.  This  series  of  events  appears  to  be  due 
to  the  temporary  over-feeding  of  the  filter,  and  consequent  increase 
of  the  bacteria,  followed  by  a  new  balance  of  supply  and  demand. 
It  follows  also  that  peptone  is  readily  and  completely  oxidized  by 
micro-organisms. 

These  experiments  with  peptone  upon  Tank  No.  11  were  follow^ed 
by  a  similar  experiment  with  common  salt  (see  pp.  500-505,  530, 
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721)).  The  sudden  application  of  a  large  quantity  of  salt  caused 
nitrification  to  cease,  and  the  ordinary  bacteria  to  be  discharged  in 
increased  numbers.  Gradual  increase  to  the  same  amount  showed 
no  such  effect,  a  gradual  adaptation,  or  tolerance,  being  established. 
It  would  be  difficult  to  find  more  characteristic  testimony  to  the  fact 
that  a  filter  is  essentially  an  organism  demanding  a  certain  regimen 
for  its  most  efficient  operation  (see  p.  25,  **  Regimen  Essential  to 
Success  "  ) . 

The  effect  of  the  application  of  sugar  (pp.  134,  152,  730)  in  city 
water  to  Tank  No.  12,  was  to  cause  an  increased  discharge  of  bacteria 
which  was  followed  by  a  decrease.  Meanwhile,  nitrification  ceased 
also.  It  is  plain  that  the  increase  at  the  start  may  have  been  cause  d 
})y  the  cessation  of  nitrification,  since  this  is  the  usual  eflfect  of  such 
cessation ;  hut  it  is  not  so  easy,  at  first  sight,  to  explain  the  subse- 
quent decline  in  bacteria.  It  is  possil)le  that,  with  the  vigorous 
bacterial  vegetation  of  the  first  period,  the  available  nitrogenous 
matter  of  the  filter  was  used  up,  and  that  afterwards  we  were  virtu- 
ally filtering  city  water.  Sugar  contains  no  nitrogen  ;  and,  if  this 
element  were  lacking,  it  would  probably  be  of  little  avail  that  a 
carbohydrate  were  present.  In  the  dietaries  of  higher  organisms 
sugar  is  of  no  value  unless  supplemented  by  nitrogenous  food  of  the 
right  kind.  When,  at  a  later  period,  the  tank  was  filtering  and  nitrify- 
ing sewage  cflTcctively,  the  addition  of  sugar  appeared  again  to  inhibit 
nitrification  to  a  certain  extent,  but  without  causii^g  meanwhile  an 
increase  in  the  ammonias.  At  the  same  time,  the  sugar  was  mostly 
used  up  or  retained,  while  previously  it  had  mostly  passed  through 
unchanged.  It  would  appear  from  these  experiments  that  sugar  is 
of  little  use  to  the  bacteria,  perhaps  being  even  injurious  to  the 
organisms  of  nitrification  ;  and  this  is  not  opposed  to  our  knowledge 
of  the  pl)ysi()l()gy  of  the  bacteria  in  general. 

The  experiinonts  of  Professor  Drown  and  Mr.  Hazen  upon  the 
nitrification  of  ammonium  chloride  furnished  an  unusually  favorable 
opportunity  to  witness  the  effects  of  this  salt  upon  the  bacteria 
(see  pp.  138-139,  154-157,  726,  727),  and  the  results  are  highly 
significant.  They  may  he  briefly  stated  as  follows':  Tank  No.  13, 
composed  of  coarse  mortar  sand,  was  receiving  and  nitrifying  satis- 
factorily its  regular  dc^e  of  sewage,  when,  on  Jan.  14,  1889,  its 
dose  of  sewage  was  withdniwn,  and  in  its  place  a  solution  of  ammo- 
nium chloride  and  sodium  carbonate  in  city  water  was  applied. 
This  solution  contained  l.OU  part  per  100,000  of  free  ammonia ;  but 
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this  quantity  was  gradually  increased  until  it  reached,  on  April  30, 
34.00  parts.  From  August  1  it  contained  68.00  parts  per  100,000 
(see  tables,  pp.  198-212).  It  will  be  observed  that  this  inorganic 
substance  was  dissolved  in  city  water,  which  contains  but  small 
amounts  of  organic  matter  adapted  to  support  bacteria,  although  the 
filter  contained  a  certain  limited  amount  of  stored  nitrogen  (sec  p. 
726).  In  spite  of  this  obvious  scarcity  of  organic  nitrogen,  the 
organisms  within  this  filter  were  able,  without  difficulty,  not  only  to 
convert  this  vast  quantity  of  free  ammonia  into  nitrites  and  nitrates, 
{,e. ,  to  nitrify  Ihc  charge,  but  also  to  maintain  their  own  numbers 
in  the  sand,  and  to  discharge  regularly  a  small  output  of  bacteria 
(see  pp,  154-157).  The  organisms  of  nitrification  must  also  have 
been  extraordinarily  abundant ;  but  these  are  probably  not  shown 
by  the  ordinary  methods  of  bacteriology.  There  can  be  no  question 
that  in  this  experiment  the  free  ammonia  served  as  food  for  the  bac- 
teria. Here,  also,  every  change  in  the  dose  caused  more  or  less 
chemical  and  biological  disturbance.  Regimen  was  again  shown  to 
be  essential  to  success. 

Experiments  instituted  by  the  chemists  of  the  Board  upon  the 
effect  of  acids  upon  nitrification  gave  an  opportunity  for  a  study 
of  the  effect  of  acid  upon  the  discharge  of  bacteria  from  an  inter- 
mittent filter  (compare  pp.  552,  653,  728).  The  acid  used  was 
exceedingly  dilute  sulphuric  acid,  and  in  this  strength  (an  excess 
of  0.16)  the  nitrification  is  decreased,  but  not  wholly  stopped.  The 
bacteria  appear  to  be  few. as  long  as  there  is  much  nitrification, 
but  to  increase  as  the  nitrification  falls  very  low.  It  would  appear 
as  if  the  nitrifying  organisms  are  inhil)ited  in  their  activity  by  acid, 
while  the  ordinary  bacteria  are  less  affected,  and  increase  with  the 
decrease  of  purification. 

Keference  must  also  to  be  made  to  the  elaborate  and  careful 
experiments  of  the  chemists  of  the  Board  upon  the  effect  of  insuf- 
ficiency of  oxygen,  and  total  exclusion  of  oxygen,  upon  nitrification 
(compare  pp.  144,  160,  730-734).  To  this  process  oxygen  appears 
to  be  absolutely  indispensable,  and  yet  a  very  small  quantity  will 
suffice.  It  does  not  follow,  however,  that  the  organisms  of  nitrifica- 
tion perish  with  the  exclusion  of  oxygen,  although  these  experiments 
would  indicate  that  they  are  probably  aerol)ic.  The  ordinary  bac- 
teria appear  to  survive,  many  of  them,  at  least,  for  a  good  while, 
without  a  trace  of  free  oxygen.  Tliis  is  shown  by  their  abundance 
in  sewage,  which  is  destitute  of  free  oxygen,  and  by  their  sui-vival  in 
it  for  weeks,  even  in  bottles  completely  filled  and  ti^tly  stoppered. 
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X.     Micro-organisms  in  the  Filtration  of  Water  and  in  the 
Chemical  Precipitation  of  Sewage. 

1 .  In  the  Filtration  of  Water.  —  Tables  showing  the  bacterial 
composition  of  the  city  water  of  Lawrence  are  given  above  (p. 
()  16 ) .  The  results  obtained  by  the  intermittent  filtration  of  this  water 
through  five  feet  in  depth  of  material,  arranged  as  described  on  p. 
Gl)2,  are  shown  in  the  monthly  averages,  pp.  603-605,  as  well  as  on 
p.  617;  and  the  whole  subject  has  already  been  discussed  in  the 
report  of  Mr.  Mills,  pp.  602-615.  Reasons  are  there  given  for 
believing  that  no  microscopical  organisms  have  passed  through  this 
tank  (p.  612).  The  numbers  obtained  for  the  bacteria  indicate  also 
tlwit  very  few  if  any  of  these  live  to  pass  through.  The  percentages 
removed  appear  smaller  than  in  the  case  of  sewage  filtration,  largely 
because  of  the  small  numbers  in  the  city  water  at  the  start.  The 
truth  probably  is  that  no  bacteria  pass  through,  and  that  those 
observed  are  derived  from  the  drains,  the  pipe,  and  the  floor  of 
the  tank. 

The  results  of  other  experiments  upon  the  more  rapid  filtration 
of  water  are  detailed  upon  pp.  653,  654,  663. 

2.  In  the  Chemical  Precipitation  of  Sewage.  —  The  micro-organ- 
isms of  sewage  are  described  above  (pp.  816-830) .  In  the  experiments 
conducted  by  Mr.  Ilazen  upon  the  chemical  precipitation  of  sewage, 
samples  were  frequently  taken  by  him,  and  afterwards  submitted  to 
the  biologists  of  the  Board  for  microscopical  and  bacteriological 
examination.  The  results  of  these  examinations  are  recorded  in  the 
report  of  Mr.  Hazen  (compare,  more  especially,  pp.  759,  770,  776, 
782-789).  An  interesting  feature  of  the  biological  portion  of  the 
work  was  the  discovery  that  the  yeast  cells  of  the  sewage  afford  l)y 
their  numbers  a  test  of  the  completeness  of  the  removal  of  suspended 
matters  in  a  state  of  fine  subdivision.  The  successful  application  of 
this  test  may  be  regarded  as  emphasizing  the  value  of  our  new 
method  of  making  microscopical  examinations  (p.  808).  (See,  also, 
p.  668.) 

Xr.     Biological    Aspects  of    the  Theory  of    Intermittent 

•  Filtration. 

The  simplest  theory  of  the  working  of  any  filter  is  that  its  action 

is  mechanical.     Filters  which  are  merely  strainers  are  familiar,  and 

the   word  '» filter"  has  come  to  mean   ordinarily  a   more   or  less 

perfect  strainer.     This  primitive  idea,  however,  does  not  apply  to 
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filters  such  as  we  have  heen  dealing  with  in  this  Report.  A  field  of 
sandy  soil  may,  it  is  true,  be  a  very  effective  strainer ;  but,  if  worked 
intermittently,  it  is  much  more  than  this.  A  mere  strainer  soon 
chokes,  and  must  be  cleaned;  but  an  intermittent  filter  does  not 
choke,  and  is  self-cleaning.  This  is  a  phenomenon  which  eau 
actually  be  witnessed.  When  sewage  began  to  bo  applied  to  the 
several  tanks  outside  the  station,  even  the  most  intelligent  of  the 
workmen  predicted  that  these  would  quickly  choke,  and  become  a 
nuisance;  but,  after  two  years  of  actual  operation,  nothing  more 
remarkable  or  objectionable  could  be  seen  upon  them  than  upon  other 
fertile  land.  This  simple  ocular  demonstration  is  confirmed  by  the 
results  of  analysis ;  and  the  mechanical  theory  is  readily  disproved 
l)y  a  comparison  of  the  chemical  composition  of  the  afiluent  with 
that  of  the  effluent.  In  the  life-history  of  an  intermittent  filter 
there  may  be  a  period  at  the  outset  when  there  is  but  little  if  any- 
thing more  than  a  mechanical  purification  ;  but,  under  the  best  con- 
ditions, there  speedily  begins  a  change  of  the  profoundest  signifi- 
cance. The  dissolved  organic  matters  no  longer  pass  out  as  they 
came  in  ;  the  suspended  matters  for  the  most  part  cease  to  accumu- 
late ;  and  both  appear  in  the  effluent  under  other  forms.  Obviously, 
mechanical  processes  alone  could  not  effect  such  a  change,  and, 
besides,  these  changes  may  occur  under  conditions  which  exclude 
entirely  the  purely  mechanical  hypothesis. 

A  most  striking  example  of  this  kind  is  to  be  found  in  the  opera- 
tion of  Tank  No.  16a  (pp.  563-567).  This  tank  is  composed  of 
small  stones,  the  spaces  between  which  arc,  as  compared  with  much 
of  the  organic  matter  of  sewage,  of  infinitely  large  size ;  yet  the 
changes  wrought  by  this  filter  are  far  more  extensive,  and  the  puri- 
fication is  far  more  complete,  than  in  filters  of  peat  or  garden  soil, 
which  arc  mechanically  nearly  perfect  strainers.  It  would  bo  hanl 
to  find  a  better  example  of  the  possibilities  of  sewage  filtration  than 
this  tank  sui)plics;  yet  this  tank  testifies  in  the  clearest  manner  to 
the  absolute  insignificance  of  any  merely  mechanical  factor  in  the 
purification  of  sewage  by  intermittent  filtration. 

A  theory,  much  more  reasonable  than  the  mechanical  hypothesis, 
is  that  the  action  of  an  intermittent  filter  is  fundamentally  chemical. 
Of  the  powers  of  intermittent  filters  to  effect  chemical  changes 
there  is  no  question,  as  the  pages  of  this  volume  abundantly  testify. 
Moreover,  the  transformations  effected  are  so  thorough  that  the 
analogy  of  purification  by  fire  must  occur  to  every  thousriitful 
observer.     Very   early,  however,  the   existence   of->an   additiouid 
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factor  began  to  be  recognized.  Thus  Frankland,*  in  his  experiments 
upon  intermittent  filtration,  although  insisting  upon  the  chemical 
character  of  the  purification  obtained,  referred  to  the  process  as  an 
act  of  respiration y  adding,  almost  unconsciously,  the  vital  to  the 
purely  chemical  idea :  "  From  all  of  these  experiments,  then,  it 
appears  that  the  action  of  the  filter  must  not  be  considered  as  merely 
mechanical.  The  process  carried  on  in  it  is  also  chemical.  ...  A 
field  of  porous  soil  irrigated  intermittently  virtually  performs  an  act 
of  respiration."  It  has  now  been  definitely  established,  however, 
that  micro-organisms  are  an  indispensable  element  in  the  constitution 
of  a  successful  intermittent  filter,  so  that  the  essentially  chemical 
theory  has  given  place  to  one  essentially  vital,  or  biological. 

Upon  the  biological  theory,  an  intermittent  filter  is  no  longer 
regarded  as  a  mechanical  strainer ;  nor  is  it  merely  a  chemical  fur- 
nace ;  it  resembles  a  living  organism. 

Biological  phenomena,  however,  in  the  last  analysis,  depend  upon 
chemical  phenomena ;  and  for  the  respiration  of  the  filter-organism, 
free  oxygen,  in  small  but  sufficient  quantity,  is  indispensable.  This 
is  well  established  by  the  exi)eriments  of  the  chemists  of  the  Board 
upon  Filter  Tank  No.  14  (see  pp.  144,  160,  730-734).  The  bio- 
logical theory  also  demands  the  presence  and  activity  of  living 
micro-organisms.  Strenuous  endeavors  have  been  made  by  our- 
selves and  by  others  to  isolate  the  particular  kinds  which  appear 
to  be  so  indispensable ;  and,  although  the  problem  has  been  hedged 
about  by  extraordinary  difficulties,  it  is  believed  that  a  substantial 
beginning  has  been  made.  The  report  of  Mr.  Jordan  and  Mrs. 
Richards,  which  immediately  follows,  is  believed  to  embody  work 
of  the  first  importance  in  the  theory  of  sewage  purification  by  inter- 
mittent filtration.  Precisely  how  the  organisms  within  the  body  of 
the  filter  do  their  work,  is  at  present  unknown.  Whether  it  be  by 
intra-cellular  or  by  extra-cellular  influences,  is  here  a  problem  even 
more  difficult  than  in  the  case  of  the  fermentation  of  sugar  by  yeast 
cells.  The  chief  points  at  present  established  are :  that  the  best 
results  are  obtained  in  filters  which  are  mature,  and  have  thus 
become  adapted  to  their  work ;  that  a  distinct  regimen  is  essential 
to  success  (p.  25)  ;that  free  oxygen  is  indispensable  (pp.  730-734, 
etc.)  ;  that  the  sewage  is  best  purified  when  held  in  thin  films  upon 
or  between  sand  grains  and  gravel  stones  (p.  578)  ;   and  that  the 

•  Rivers  Pollution  Reports,  I.,  pp.  70-71.    1870. 
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period  of  greatest  destruction  of  the  ordinary  sewage  bacteria  corre- 
sponds closely  with  the  time  of  most  active  nitrilication  Cpp.  20"2f, 
594,  etc.).  The  last-mentioned  fact  appears  at  first  sight  to  be  a 
paradox,  inasmuch  as  the  most  characteristic  feature  of  intermittent 
filtration  is  nitrification,  and  nitrification  appears  to  be  effected  by 
bacteria.  If,  however,  the  results  reported  in  the  following  article 
are  correct,  it  is  less  paradoxical  than  appears.  The  probability 
is  there  indicated  that  the  organisms  of  nitrification  escape  detection 
by  the  ordinary  methods  of  bacterial  examination,  so  that  these 
forms  may  prevail  abundantly  where  others  are  detected  in  only 
small  numbers.  Another  phenomenon  of  almost  constant  occur- 
rence in  the  filter  is  the  presence  of  the  brownish  masses  which 
appear  to  consist  chiefly  of  zoogloea.  The  precise  nature  and  signifi- 
cance of  these  is  not  yet  clear,  but  that  they  play  an  important  part 
seems  probable. 

For  the  more  complete  discussion  of  the  theory  and  especially  of 
the  practice  of  intermittent  filtration,  in  all  its  aspects,  the  reader  is 
referred  to  the  Report  of  Mr.  Mills  (pp.  577-600). 
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INVESTIGATIONS  UPON  NITRIFICATION  AND  THE 
NITRIFYING  ORGANISM. 


By  Edwin  O.  Jordan  and  £ll£n  H.  Richards. 


The  nitrogen  of  organic  substances  is,  for  the  most  part,  liberated 
during  decay  in  the  form  of  ammonia  or  ammoniacal  compounds  ;  and 
these  substances  yield,  by  oxidation,  nitrous  acid  and  finally  nitric 
acid,  which,  in  turn,  in  the  form  of  nitrates  feeds  the  living  plant,  and 
thus  begins  again  the  cycle  of  transformation. 

The  oxidation  of  the  nitrogen  of  ammonia,  and  its  ultimate 
conversion  into  nitric  acid,  is  called  nitrification.  This  change  is 
especially  active  in  soils  near  the  surface,  whore  nitrates  are  formed 
abundantly  from  percolating  waters  which  contain  much  nitrogenous 
matter. 

This  phase  of  nitrification,  the  formation  of  nitrates  in  porous 
soil,  has  been  attentively  studied.  But  less  attention  has  been 
given  to  the  process  of  nitrification  as  it  goes  on  in  surface  waters, 
such  as  streams  and  ponds ;  and  it  is  to  this  side  of  the  question, 
namely,  nitrification  as  it  occurs  in  natural  waters,  that  our  study 
has  been  chiefly  directed. 

Some  eighty  samples  of  water,  selected  from  the  two  hundred 
and  forty  coming  each  month  to  the  laboratory  of  the  State  lioard 
of  Health,  were  examined  at  intervals  of  from  two  to  seven  days  for 
ammonia,  nitritesand  nitrates.  These  samples  were  received  from 
all  parts  of  the  -State,  and  included  all  classes  of  surface  water, 
rivers,  ponds  and  reservoirs.  They  were  examined  repeatedly  dur- 
ing the  months  of  June,  July  and  August,  1888. 

The  results  may  be  briefly  stated  as  follows.  The  organic  matter 
in  suspension  decays  in  about  seven  days,  as  is  shown  by  the 
increase  in  "free  ammonia."  In  about  fourteen  days  this  "free 
ammonia"  has  disappeared,  and  nitrite  has  taken  its  place,  reaching 
a  maximum  in  about  twenty-one  days.  Later  the  nitrite  too  dis- 
appears, and  in  twenty-eight  days  or  more  all  the  nitrogen  has 
been  converted  into  the  form  of  nitrate.  When  the  suspended 
matter  is  removed  by  filtration  through  paper  or  by  precmitation 
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with  alumina,  no  change  occurs  unless  free  ammonia  wore  present  at 
the  outset. 

These  changes  were  so  universal  and  so  independent  of  the  char- 
acter of  the  water  and  of  its  condition  of  aeration,  that  it  seemed 
important  to  avail  ourselves  of  the  unusual  opportunity  offered  by 
the  close  proximity  of  the  chemical  and  biological  laboratories  of  the 
State  Board  of  Health,  to  carry  on  a  series  of  chemical  and  bacteri- 
ological investigations  on  solutions  of  known  composition.  Accord- 
ingly we  began  a  series  of  experiments  covering  a  period  of 
nearly  two  years,  in  which  the  daily  and  weekly  changes  caused  by 
the  growth  of  bacteria  were  watched  from  both  the  chemical  and  the 
bacteriological  stand-point,  in  order  to  determine  the  sequence  and 
rate  of  such  changes.  Other  points  came  up  in  the  course  of  the 
work,  as  will  appear  from  the  following  pages. 

It  has  long  been  known  that  the  first  st^p  —  the  decomposition  "of 
nitrogenous  matter,  and  consequent  production  of  ammonia  —  is 
due  to  the  vital  activity  of  bacteria.  The  early  experiments  of 
Schwann  and  Schultze  (1839),  and  the  later  and  thoroughly  conclu- 
sive work  of  Pasteur,  showed  that  putrefaction  of  organic  matter  is 
brought  about  solely  by  the  small  vegetable  organisms  known  as 
bacteria.  Even  after  this  fact  became  generally  known,  it  was  some 
time  before  the  importance  of  the  complete  range  of  this  discovery 
-was  suspected.  It  was  still  maintained  that  the  process  of  nitrifica- 
tion proper  —  the  oxidation  of  ammonia  to  nitric  acid  —  was  of  a 
purely  chemical  nature,  although  the  burden  of  proof  was  soon 
thrown  on  those  who  upheld  this  view.  The  close  dependence  of 
nitrification  upon  a  rather  narrow  range  of  temperature,  the  cessa- 
tion of  tlie  process  on  the  addition  of  antiseptics,  the  operation  of 
«'  seeding"  one  solution  with  another,  the  impossibility  of  effecting 
rapid  nitrification  by  chemicals,  the  analogous  phenomena  of  putre- 
faction, —  all  pointed  clearly  to  the  fact  that  nitrification  depends 
on  the  presence  of  living  organisms. 

The  first  conclusive  proof  that  such  was  the  case,  however,  came 
from  the  work  of  Schloesing  and  Muntz  in  1877.*  The  work  of  these 
obsci'vers  rendered  it  practically  certain  that  living  organisms  of 
some  kind  are  the  true  agents  of  nitrification.  '*  It  now  remains  for 
us,"  they  said,  *<  to  discover  and  isolate  the  nitrifying  organisms." 
Schloesing  and  Muntz,  in  their  subsequent  investigations,  believed 
that  they  had  succeeded  in  making  this  discovery ;  but,  in  view  of 
the  facts  of  modern  bacteriology,  we  are  unfortunately  unable  to 

•  Comptes  Rendas,  1877,  Tome  84,  p.  301. 
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assign  much  value  to  this  part  of  their  work.  It  is  not  easy  to  satisfy 
one's  self  that  Schloesing  and  Muntz  ever  worked  with  really  '*  pure 
cultures  "  of  isolated  species.  While  the  work  of  these  investigators 
established  beyond  all  question  the  fact  that  nitrification,  like  the  analo- 
gous phenomena  of  fermentation  and  putrefaction,  is  caused  by  living 
organisms,  it  left  entirely  open  the  precise  nature  of  these  organisms. 

The  first  experiments  with  species  of  bacteria  isolated  by  modern 
methods,  and  therefore  undoubtedly  pure  cultivations,  are  those 
recorded  by  Herseus.*  Ilerseus  experimented  with  fourteen  well- 
known  species  of  bacteria,  and  with  about  as  many  others  freshly 
isolated  by  himself  from  water  and  soil.  He  cultivated  these  in  an 
ammoniacal  solution,  and  obtained  in  the  case  of  sevei*al  familiar 
species  good  qualitative  tests  for  nitrous  acid.  Among  these  species 
were  Bacillus  prodigiosus,  the  Finkler-Prior  bacillus,  the  bacillus  of 
typhoid  fever,  the  anthrax  bacillus,  and  others.  Hereeus  concludes 
that  all  these  organisms  possess  oxidizing  powers,  since  they  are- 
thus  apparently  able  to  oxidize  ammonia  to  nitrous  acid. 

The  work  of  Adametzf  and  Frank,  J  on  the  other  hand,  did  much 
to  ofi*set  this  positive  result  reached  by  Heroeus.  They  found,  as 
olher  investigators  had  found  before  them,  that  the  introduction  of 
a  small  quantity  of  common  garden  soil  into  an  ammoniacal  solution 
would  produce  rapid  nitrification.  The  various  species  of  bacteria, 
however,  which  they  isolated  from  this  same  soil,  and  introduced  as 
pure  cultures  into  sterilized  ammoniacal  solutions,  refused  to 
nitrify.  In  no  case  was  more  than  a  trace  of  nitric  acid  observed. 
Frank  was  so  influenced  by  his  continued  negative  results  that  at  a 
later  date  he  went  so  far  as  to  deny  that  living  organisms  had  any- 
thing whatever  to  do  with  nitrification.  This  sceptical  attitude 
seemed  for  a  time  to  be  fully  justified  by  the  experiments  of  Celli 
and  Zucco.  It  was  soon,  however,  demonstrated  again  by  several 
skilful  investigators  that  nitrification  could  not  be  acqpunted  for 
by  purely  chemical  influences.  There  was,  nevertheless,  no  ces- 
sation in  the  publication  of  negative  results.  The  work  of  Herseus 
was  extended  and  elaborated  by  P.  F.  Frankland  and  by  Warington. 
Frankland  §  failed  entirely  to  obtain  any  evidence  of  oxidation  of 
nitrogen  by  individual  species  of  bacteria,  and  on  this  point  came 
into  direct  conflict  with  Herseus.     To  use  his  own  words  :  — 

•  Z3it8chr.  fUr  Hygiene,  I.,  1886,  p.  193. 

t  Untersachangen  ttber  die  Niederen  Pilze  der  Ackerkrnme.    Inang.    Dlss.»  Leipzig,  1836. 

X  Forschangen  auf  dem  Gebiete  der  Agricnitarphjslk.    X,  66. 

§  Journal  of  Chem.  Soc.,  April,  1888,  Vol.  LIII.,  No.  C::CV.,  p.  373. 
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"  The  [ammonlacalj  8oIution8  were  examined  after  forty  days* 
growth,  but  in  no  case  was  anything  more  than  a  faint  indication  of 
nitrous  acid  obtainable  with  sulphanilic  acid*,  phenol  and  ammonia. 

*'  It  is  worthy  of  notice  that  Heneus  had  experimented  with  three 
of  the  micro-organisms  which  we  have  had  under  obsci'\'ation, 
viz.,  B.  8iiblilu9j  B.  prodigiosus,  and  B.  ramosus.  On  growing 
these  in  sterilized  urine,  he  found  that  B.  subtilis  alone  gave  no 
nitrous  acid  reaction,  whilst  the  other  two  gave  distinct  reactions  for 
nitrites  ;  from  this  he  concludes  that  B.  prodigiosus  and  B.  ramosus 
possess  oxidizing  powers,  and  that  B.  subtilis  does  not.  My  experi- 
ments, however,  conclusively  prove  that  both  B.  ramosus  and  B. 
prodigiosus  exert  a  reducing  action,  whilst  B.  subtilis  does  not ; 
and  therefore  that  the  nitrous  acid  reactions  which  he  obtained  in 
the  case  of  the  two  former  organisms  must  obviously  have  been  due 
to  the  reduction  of  the  nitrate  in  the  urine,  and  not  to  oxidation  of 
hmmoniacal  nitrogen,  as  he  supposes.  That  nitric  nitrogen  is  an 
invariable  constituent  of  human  urine  has  been  shown  by  Waring- 
ton  (Trans.  Chem.  Soc,  1884,  p.  669),  and  has  in  fact  been  long 
known.  "  Frankland  summarizes  his  results  as  follows  :  "  8.  None 
of  the  organisms  upder  examination  were  found  capable  of  oxidizing 
ammoniacal  nitrogen  to  nitrous  or  nitric  acids,  when  introduced  into 
a  nutritive  solution  containing  ammonium  chloride/' 

This  emphatically  negative  result  with  pure  cultures  of  single 
species  was  directly  confirmed  by  Warington,*  who  wrote:  "  It 
seems  to  me  very  clear  that  not  one  of  the  investigators  who  have 
experimented  with  isolated  species  of  bacteria  has  obtained  in  his 
solutions  more  than  a  trace  of  nitrous  or  nitric  acid  ;  no  one  has  ob- 
tained  an  amount  that  could  be  determined  quantitativelf/.  Another 
point  which  generally  appears  is  that  every  organism  tried  gives 
nearly  the  same  result.  .  .  .  The  statement  of  Heraeus  that 
seven  of  the  organisms  examined  commenced  the  nitrification  of  a 
twenty  per  cent,  urine  solution  in  one  day  is  apparently  due  to  a 
mistake.  My  own  experiments  show  that  a  urine  solution  of  that 
strength  cannot  be  nitrified  by  soil  without  the  addition  of  gyp- 
sum ;  the  commencement  of  nitrification  in  a  strong  solution  is  also 
extremely  slow.  The  nitrous  acid  which  so  speedily  appeared  in 
his  solutions  was  doubtless  due  to  the  reduction  by  the  organisms 
of  the  nitrates  naturally  present  in  the  urine."  Of  his  own  experi- 
ments, he  says:     "A  distinct  reaction  with  diphenylamine  was  in 

•  Journal  of  Chem.  Soc.,  August,  1888,  Vol.  LIII.,  p.  727^ 
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some  cases  obtained,  but  this  did  not  appear  to  grow  in  amount, 
although  in  such  cases  the  examination  was  specially  prolonged. 
The  amount  of  nitric  or  nitrous  nitrogen  in  the  solutions  did  not 
apparently  in  any  case  exceed  one  per  million,  and  all  of  this  could 
not  be  attributed  to  the  action  of  the  organism,  as  the  unseeded 
solutions  in  the  incubator  also  gave  some  reaction  with  diphenyla- 
mine.  When  we  have  discounted  the  trace  of  nitrites  probably 
obtained  from  the  atmosphere,  there  is  clearly  very  little  left  that 
can  be  attributed  to  the  action  of  the  organism.  The  question 
whether  any  part  of  the  nitrate  or  nitrite  present  was  produced  by 
the  organism,  lam  unable  to  decide;  but  it  is  quite  clear  that 
none  of  the  organisms  examined  possessed  any  nitrifying  power  in 
any  way  comparable  with  that  possessed  by  soil.  An  organism 
which  nitrifies  as  soil  nitrifies  has  yet  to  be  isolated.  *' 

There  are  thus  several  views  which  are  held  regarding  the  action 
of  individual  species  of  bacteria  on  nitrogenous  solutions  :  — 

1.  That  there  is  a  group  of  bacteria  capable  of  oxidizing  ammo- 
nia to  nitric  acid,  and  another  and  separate  group  able  to  reduce 
nitrates  to  nitrites  in  the  presence  of  organic  matter.  Both  kinds 
are  widely  and  abundantly  distributed.  Attendant  circumstances 
determine  whether  the  reducing  or  the  oxidizing  group  will  gain 
the  upper  hand.     (Heroeus,) 

2.  That  all  kinds  of  bacteria,  under  favorable  circumstances,  are 
capable  of  producing  nitric  acid,  and  that  the  same  organisms  in  the 
presence  of  organic  matter  are  capable  of  reducing  nitrates.  (^Celli 
and  Zucco.     Leone.) 

3.  ^a)  That  different  species  of  bacteria  vary  greatly  in  their 
ability  to  reduce  nitrates  ;  and  (b)  that  there  is  no  reliable  evidence 
that  any  individual  species  is  able  to  oxidize  ammonia  either  to 
nitric  or  nitrous  acid.     (  Warington.    Frankland.) 

Such  is  a  brief  sketch  of  the  divergent  opinions  upon  nitrification 
which  were  held  at  the  time  we*  began  our  work  in  the  autumn  of 
1888.  It  seemed  to  us  important  to  approach  the  subject  from 
all  sides,  and  we  have  worked  accordingly  not  only  with  pure 
cultivations  of  bacteria,  but  also  with  various  sands,  soils,  and 
waters  containing:  mixtures  of  several  kinds.  We  have  considered 
it  of  fundamental  importance  to  determine  the  distribution  of  the 
nitrifying  organism,  and,  if  possible,  to  ascertain  the  relative  fre- 

•  The  series  of  experiments  detailed  in  this  pnper  were  planned  and  carried  out  jointly  bv 
the  authors,  the  bacteriological  portion  of  the  work  being  done  by  Mr.  Jordan,  and  the  chem- 
ical portion  by  Mrs.  Richards. 
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quency  with  which  it  occurs  over  a  wide  area.  The  question,  for 
instance,  naturally  arose,  is  the  nitrifying  organism  present  in  the 
Boston  city  water  as  delivered  from  the  tap  in  the  laborat-ories  of 
the  Massachusetts  Institute  of  Technology,  since  this  is  the  water 
used  in  making  up  our  solutions.  To  this  question  we  are  able  to 
give  a  decided  aflSi-mative.  Ammoniacal  solutions  carefully  made 
with  tap  water  always  nitrify.  Moreover,  ammoniacal  solutions 
which  have  been  sterilized  and  then  inoculated  with  a  cubic  centi- 
meter of  fresh  tap  water  always  nitrify.  Repeated  experiments  show 
that  the  nitrifying  organism  is  invariably  present  in  this  water. 
When,  however,  ammoniacal  solutions  were  inoculated  from  the 
separate  colonies  appearing  on  a  gelatin  plate  culture  of  this  water, 
in  every  instance  there  has  been  obtained  only  a  negative  result. 
To  this  matter  of  inoculation  with  pure  cultures  of  bacteria  we  shall 
recur  presently. 

The  average  composition  of  the  Boston  (Cochituate  and  Sudbury) 
supply  is  as  follows  :  — 

Avej'oge  Composition  of  Boston  {CochUuale  and  Sudbury)  Water, 


AlbamiDold  ammonia  In  tolutlon, 
Albuminoid  ammonia  In  BUBpcnaioD, 

Free  ammonia, 

Nitrites, 

Nitrate 

Total  solids, 

Loss  on  Ignition 

Silica,    .      , 


Farts  per 

100,OUO. 


.0183 
.0025 
.0004 
.0002 
.0250 

4.85 

1.00 
.304 


rarUper 
lOUjOOO. 


Sulphuric  acid  (SO,), .    .   . 
Olilorine,      .       .       .       . 
Carbonic  acid, 
Alumina  and  oxide  of  iron. 

Lime 

Magnesia,      .       .       .       . 

Potash, 

Soda, 


.458 
.40 

.075 
.M5 
.160 
.092 
.500 


*  Not  determined. 


The  mineral  analysis  was  made  upon  water  drawn  daily  from  the 
tap,  from  Sept.  29  to  Oct.  7,  1890.  The  nitrogen  compounds  and 
chlorine  are  averages  of  the  two  years  covered  by  our  work,  from 
September,  1888,  to  September,  1890. 

In  many  of  our  early  experiments  upon  nitrification  we  used  a 
mixture  of  one  cubic  centimeter  of  fresh  urine  with  two  litres 
of  tap  water.  This  mixture  was  found  to  yield,  when  freshly 
made,  about  .5000  free  ammonia,  .2000  albuminoid  ammonia,  .0002 
nitrites  and  .0250  nitrates,  in  100,000.  This  nitrogenous  solution 
was  allowed  to  stand  at  the  temperature  of  the  room  (21*^-23°  C), 
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and  was  tested  from  time  to  time  for  nitrites  and  nitrates.  'The 
method  ascd  for  the  determination  of  nitrites  has  been  Griess*s 
naphthahimine  method.  This  method  is  sufficiently  delicate  to 
detect  the  presence  of  one  part  of  nitrogen  as  nitrite  in  one  thou- 
sand millions.  The  method  for  deteimining  nitrates  is  a  modified 
form  of  the  phenolsul phonic  method  of  Grandval  and  Lejoux. 

The  following  tables  contain  the  results  of  a  few  experiments  out 
of  the  many  hundreds  which  we  have  made  with  solutions  of  nitrog- 
enous substances :  — 

Illustrations  of  Nitrification  in  Natural  Waters, 


A.    Ground  Water, 

[ParU  per  100,000.] 
From  JVeslboroitgh,  lat  Sample.  From  Westhoroughf  2d  Sample. 


NiTBOGEX  AS                      1 

NiTBOOKX  AS 

11 

1^ 

a 
^ 

j 

1^ 

z 

1 

'A 

1888. 

1888. 

June  26,    . 

.0047 

.0317 

.0000 

.0020 

July  18,  .        .        . 

.0035 

.0412 

.0000 

.0020 

After  8  days, . 

- 

- 

.0000 

- 

After  8  days, . 

- 

- 

.0001 

- 

"     16     '•     . 

- 

- 

.0320 

- 

"     16     "     .       . 

- 

- 

.0067 

- 

••     20     ••     . 

- 

- 

.0300 

- 

"     20     "     . 

- 

- 

.0400 

- 

"     27     "     . 

- 

- 

.0000 

•0-^ 

"     27     "     . 

- 

- 

.0000 

- 

"     31     «•      . 

- 

- 

.0030 

.0300 

'•     31     •«     . 

- 

- 

.0000 

.0320 

B.    Surface  Waters. 

[Parts  per  100,000.] 
Ludlow  Retervoir,  Springjield. 


Birch  Pond^  Lynn, 


NlTBOOKW  AS 

NiTROGKX 

Afl 

25 

lii 
III 

■OS    . 

1 

1 

1 

1-  = 

lis 
l|| 

O  4 

ill 

s 

i 

1 

2 

1888. 

When  collected,  . 

.0039 

.0176 

.0110 

.0000 

.0020 

.0038 

.0178 

.0006 

.0000 

.0000 

After  9  days,     . 

- 

- 

.0222 

- 

-      1 

- 

- 

.0083 

.0036 

- 

"     21    "           ... 

- 

- 

.0146 

.0060 

-      1 

- 

- 

- 

.0087 

- 

- 

- 

- 

.0000 

.0280 

- 

- 

- 

.0005 

- 

•'     47    "           ... 

- 

- 

- 

- 

- 

- 

- 

.0250 
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Behavior  of  Dilute  Nitrogenous  Solutions  in  Distilled  Water,    One  Cubic  Cenii- 
meter  of  Urine  to  Four  Litres  of  freshly  Distilled  Water. 

[ParU  per  100.000.] 


July  n. 
July  IS, 
July  25, 
Aug.  6, 
Aug.  20, 


Total 

Oifranic  NI- 

trugen. 


KlTSOGEV  A< 


Albuminoid  Free 

Ammouia.      Ammonia. 


.0865 
.0255 
.0091 
.0214 
.0206 


.02U 
.0535 
.0570 
.0675 
.0717 


.0002 
.0002 
.0002 
.0002 
.0003 


.0000 

Not  det. 

Not  det. 

Not  d«t. 

.0000 


0.125  grniM.  pepsin  in  8  litres  of  freshly 

distilUd  footer. 

July  11, 

.. 

.1128 

.0170 

.0002 

.0000 

July  18 

- 

.0412 

.1268 

.0001 

Not  det. 

July  25 

- 

.0189 

.1318 

.0002 

Not  dec. 

Aug.    6, 

- 

.0214 

.1630 

.0001 

Not  det. 

Aug.  24. 

.3680 

Not  det. 

.1697 

.0002 

.0000 

JO  cubic  centimeters  of  Juice  of  beef  in  8  litres  of  freshly  distilled  water. 

July  11, 

„ 

.0268 

.0066 

.0000 

.OOlM 

July  12, 

- 

.0200 
.0170 

.0079 
.0138 

Not  det. 
Not  del. 

Not  det. 

July  13, 

Not  det. 

July  18, 

- 

.0066 

.0280 

.0000 

Not  del. 

July  25, 
Aug.    6, 

.2350 

.0066 
.0009 

.0288 
.0535 

.0000 
.0000 

Not  det. 

.0000 

Progress  of  Nitrification  in  a  Dilute  Urine  Solution  in  Taj)  Water,  One  Cubic 
Centimeter  of  Urine  to  Two  Litres  of  Boston  Tap  Water. 

[Parta  per  ibo.OOO.] 


— 

NITROOKN  AS 

KlTBOGKX  AS 

NXTBOCKX  AS 

Ni- 

Ni- 

Ni- 

Ni- 

Nl-    '     Ni- 

tritei.^ 

trates. 

trites. 

trates. 

trites. 

tratM. 

1M88. 

18S8-Gon. 

1888 -Con. 

Nov.  12,    .        . 

.0002 

.0250 

Dec.  5.     .        . 

.0800 

« 

Dec.  21,    . 

Ur.   : 

.4762 
.5400 
.4165 

.0550 
.0550 

10, 
24, 

.0001 
.0006 

.0250 
Not  det. 

?: 

.1480 
.1900 

- 

26, 

.0014 

8. 

.2500 

. 

1889. 

28, 

.0025 

. 

10. 

.4444 

- 

Jan.    9,    .        . 

.4500        .0500 

30, 

.0004 

« 

12; 

.4255 

« 

22,    .        . 

.4350 

Dec.    1, 

.0100 

_ 

1^, 

.5700 

_ 

29,    .        . 

.1000        .6000 

4, 

.0365 

- 

15. 

.5800 

- 

Feb.    6,    . 

.0010  NotdeL 

1 

A  Second  Samj^le  under  the  Same  Conditions. 


1888. 

1 

1888 -Con. 

1889 -Con. 

Dec.  3,     . 

.0080 

.0300 

Dec.  19,    . 

.5400 

. 

Jan.   7.    .        . 

.3845 

. 

6. 

.0152 

. 

21,    . 

.6170 

- 

9.    .        . 

.3700 

— 

8, 

.0666 

_ 

22,    . 

.4440 

.0260 

11.    .        . 

.2270 

.0850 

10, 

.2000 

- 

26,    . 

.4440 

• 

13,    .        . 

.0000 

Not  det. 

12, 

.3000 
.5000 

.0300 

1889. 

15     .        . 

Not  det 

.6000 

15, 

.5100 

~ 

Jan.    3.   . 

.4440 

.0500 
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Process  of  NUrificalion  of  Ammonium  Chloride  Solutions  under  Different 

Conditions. 

[2.5000  iiarts  of  ammoDlam  chloride  in  100,000,  Medod  with  200  cubic  centimeters  of  the  dilute  urine 
solution,  made  up  with  tap  water.] 


KKPT  Iir  THK 

Light. 

Kept  ik  trb 
Dark. 

Blank  op  J>istii.lkd 
Watkr  to  oivb 

THBC'ORKKCTIOX  DDE 
TO  THE 

Air  of  THE  Roov. 

Aerated 
Daily. 

Kept  Quiet. 

NITBOOKX  AS 

KITBOOBM  AS 

KITROORK  AS 

mitrookm  as 

nitrogen  as 

Ni- 
trites. 

Ni- 
trates. 

Nl-    1     NM- 
trltes.    trates. 

nitrites. 

Nitrates. 

NI-    i     Ni- 
trites. 1  trates. 

NI-    1     Ni- 
trites. '  trutes. 

18«9. 

Jan.    31 , 

.0230 

.0300 

.0230 

.0900 

Feb.   14, 

.0007 

- 

.0140 

_ 

.0120 

- 

Feb.     7, 

.0800 

.0400 

.1100 

.0580 

16, 

.0005 

- 

.OJOO 

- 

.0200 

- 

». 

.1738 

- 

.1332 

- 

20, 

.0002 

- 

.0160 

.0300 

.0200 

- 

12. 

.1880 

.0280 

.1200 

.0600 

21, 

- 

- 

.0160 

- 

.0400 

- 

14. 

.2000 

.0380 

.1175 

.0650 

27, 

.0027 

- 

.1040 

- 

.2125 

_ 

16, 

.2325 

- 

.1425 

- 

March  2, 

.0007 

- 

.2170 

- 

.2000 

- 

10. 

.2125 

.0280 

.0950 

.0500 

11, 

.0018 

- 

.1205 

.1000 

.0950 

.0800 

27, 

.1485 

- 

.0000 

- 

April  11, 

- 

- 

- 

- 

- 

.1000 

March  2, 

.0150 

- 

.0000 

- 

May     2, 

- 

.0200 

- 

.1250 

- 

.1900 

April  18, 

- 

.1250 

- 

.1200 

May     2, 

- 

.1750 

- 

.1250 

1890. 

Dec.    23, 

- 

.0000 

1.0000 

If  the  nitrogenous  solution  be  first  sterilized  and  then  inoculated 
with  fresh  tap  water,  the  same  course  is  followed,  with  the  excep- 
tion that  the  period  of  incubation  is  considerably  lengthened.  If 
seeded  with  sand  from  a  sewage  filter  tank,  or  with  garden  soil,  the 
whole  process  is  materially  quickened,  and  may  even  be  wholly 
completed  in  thirty  days. 

Not  only  is  the  nitrifying  organism  present  in  Boston  tap  water, 
as  the  above  experiments  clearly  demonstrate,  but  it  appears  to  be 
equally  common  in  water  from  all  pails  of  the  State  of  Massachusetts. 
So  far  as  our  experience  has  gone,  any  natural  water,  containing 
the  ordinary  amount  of  free  or  albuminoid  ammonia,  contains  also 
the  nitrifying  organism,  as  is  shown  by  our  long  series  of  tests.  In 
these  natural  waters  the  nitrifying  organism  seems  to  be  under 
wholly  normal  conditions,  and  to  be  abundantly  able  to  effect  the 
oxidation  of  the  small  quantities  of  nitrogen  usually  present  m  these 
waters.  Waters  that  contain  l^igh  '*  albuminoid  ammonia,"  in  cases 
where  this  ''  ammonia"  comes  from  the  nitrogen  in  infusoria,  algoe, 
.etc.,  go  through  the  same   changes  as  those  which  contain  "free 
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animoiiia/'  but  more  slowly.  The  organisms  in  time  die,  the  bac- 
teria set  free  the  nitrogen  of  their  bodies,  forming  free  ammonia, 
and  then  in  turn  nitrites  and  nitrates. 

It  might,  perhaps,  be  reasonably  expected  that,  since  the  nitrifying 
organism -is  undoubtedly  present  in  all  these  waters,  an  exami- 
nation of  gelatin  plate  cultures  of  these  waters  would  reveal  some 
particular  kind  or  kinds  of  colonies  common  to  all,  and  in  that  way 
aid  in  sifting  out  the  nitrifying  organisms.  Our  experience  has 
shown,  however,  that  such  a  hope  is  unfounded.  So  far  as  the 
inspection  of  gelatin  plate  cultures  enables  us  to  judge,  no  one  kind 
of  colony  is  common  to  all  these  waters.  This  fact,  on  the  surface, 
seemed  to  favor  the  view  that  the  power  of  nitrification  was  not  the 
property  of  any  particular  organism,  but  was  very  likely  possessed 
in  common  by  a  number  of  kindred  species. 

The  other  line  of  bacteriological  work  —  the  inoculation  of  nitrog- 
enous solutions  with  pure  cultures  of  isolated  bacteria  —  has  been 
followed  up  from  the  outset,  and  was  begun  with  full  confidence  in 
ultimate  success.  It  is  unnecessary  to  give  a  detailed  account  of 
our  experiments  in  this  direction.  It  is  sufficient  to  say  that  the 
nitrogenous  solutions  have,  from  beginning  to  end,  failed  to  nitrify. 
Nitrogenous  solutions  of  various  sorts  have  been  used,  pepsin  solu- 
tions, peptone  solutions,  ammonium  chloride  solutions,  Frankland's 
solution,*  etc. ,  all  with  the  same  unfailingly  negative  result.  A  large 
number  of  species  of  bacteria  have  been  used  for  inoculation,  not  only 
well-known  species  like  B.  prodigiosus,  B.  megaterium,  Proteus,  etc., 
but  many  species  freshly  isolated  from  water,  sewage,  the  sand  of 
nitrifying  filter  tanks,  and  similar  favorable  situations  for  the 
nitrifying  organism.  The  experiments  have  been  always  prolonged 
for  several  months,  and  in  some  cases  for  more  than  a  year.  Con- 
ditions of  temperature,  amount  of  surface  exposed  to  the  air,  etc., 
have  been  varied  in  many  directions.  Nitrogenous  solutions  con- 
taining a  single  species  of  bacterium  have  been  poured  upon  sterilized 
sand,  and  allowed  to  settle  in  such  a  way  as  to  imitate  closely  the 
conditions  obtaining  in  filter  tanks.  In  all,  more  than  one  hundred 
and  fifty  experiments  have  been  made,  covering  a  period  of  two 
years.  In  every  case^  without  a  single  exception^  there  was  not  the 
slightest  evidence  of  nitrification  by  any  single  species. 

There  still  remained  a  plausible  explanation  of  this  striking  suc- 
cession of  negative  results.  It  miglit  be  that,  although  any  one 
species  working  alone  was  not  able  to  effect  nitrification,  a  number 

*  Zeitachr.  fUr  Hygiene,  Bd.  VI.,  1889,  p.  376.       ^  , 
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of  different  species  working  together  might  be  able  to  produce  the 
desired  result.  This  was  certainly  not  an  unreasonable  supposition, 
judging  from  analogous  fermentative  processes ;  co-operation  and 
combination  might  perhaps  effect  more  than  individual  and  inde- 
pendent action.  Several  experiments  were  accordingly  made  with 
the  view  of  determining  this  point.  Here  again  the  results  were 
invariably  negative.  Ammoniacal  solutions,  inoculated  with  mix- 
tures of  several  species  under  pure  cultivation,  always  failed  to 
nitrify.  In  one  experiment,  for  example,  a  nitrogenous  solution, 
found  by  experience  to  nitrify  rapidly  and  completely  when  seeded 
with  garden  soil,  was  inoculated  with  a  mixture  of  six  different 
species  of  bacteria.  These  six  species  were  all  isolated  from  soils 
and  waters  known  to  contain  the  nitrifying  organism.  An  examina- 
tion of  the  solution  from  time  to  time,  by  the  method  of  gelatin 
plate  culture,  showed  a  vigorous  growth  on  the  part  of  all  the  spe- 
cies, but  there  was  at  no  time  the  slightest  evidence  of  nitrification, 
although  the  experiment  continued  for  upwards  of  five  months. 

In  the  course  of  our  experiments  we  have  found  it  necessary  to 
guard  against  two  possible  sources  of  error.  We  noticed  at  the 
outset  a  tendency  in  all  our  solutions,  whether  inoculated  with  pure 
cultures,  or  entirely  free  from  bacteria,  to  show  an  increasing  quan- 
tity of  nitrogen  as  nitrite.  This  increase  of  nitrite  in  standing  solu- 
tions is  shown  in  the  following  instance.  A  nitrogenous  solution, 
placed  in  a  flask  stopped  with  cotton  wool,  was  sterilized  in  the  usual 
way,  and  allowed  to  stand  in  the  laboratory.  At  first  no  nitrogen  in 
the  fonn  of  nitrite  was  present,  but  after  one  month  .0030  parts  per 
100,000  had  appeared,  and  at  the  end  of  three  months  .0080  parts 
of  nitrite  were  present.  In  some  cases  a  much  larger  amount  than 
this  appeared,  although  no  bacteria  were  in  the  flasks.  In  all  these 
instances  the  nitrite  was  undoubtedly  absorbed  from  the  air  of  the 
laboratory.  Sterilized  distilled  water  was  found  to  absorb  nitrite 
with  the  same  rapidity  as  did  our  nitrogenous  solutions,  in  one  case 
absorbing  .0015  in  a  few  days.  If  the  solutions  were  protected  from 
the  free  access  of  air,  no  increase  of  nitrite  was  noted,  and  there  was 
also  no  increase  if  they  were  removed  to  a  room  in  which  little  or 
no  gas  was  burned.  In  rooms  in  which  much  gas  is  burned  it  is 
obvious  that,  with  the  present  refined  methods  for  detecting  nitrites, 
this  absorption  from  the  -air,  unless  guarded  against,  may  lead  to 
erroneous  conclusions.  This  fact  of  nitrite  absorption  from  the  air 
has  been  already  noticed  by  Warington  and  other  observers. 
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A  second  possibility  of  misinterpretation  lies  in  the  reduction  of 
the  nitrates  that  may  be  present  in  the  solution.  This  reduction 
takes  place  even  when  the  quantity  of  nitrate  and  organic  nitrogen 
is  small,  although  more  slowly  than  is  the  case  in  the  presence  of 
considerable  quantities  of  organic  nitrogen.  In  one  example  there 
were  no  nitrites  and  .03()0  nitrates  present  at  the  beginning  of  the 
experiment  in  the  sterilized  solution.  On  inoculation  with  a  certain 
bacterial  species,  afterwards  found  to  possess  a  reducing  action,  the 
quantity  of  nitrogen  as  nitrite  increased  in  a  short  time  to  .0256, 
while  the  nitrate  diminished  to  .0150.  On  another  occasion,  with 
.0360  initial  nitrate,  the  nitrites  rose  from  nothing  to  ,0210,  and  the 
nitrates  disappeared  proportionally.  If  larger  amounts  of  nitrate  are 
present,  the  increase  of  nitrite  is  more  striking.  Certainly  this 
reducing  action  of  many  species  of  bacteria  will  go  far  to  explain 
such  results  as  those  reached  by  Herseus  (loc.  cit).  An  account  of 
the  reducing  action  of  certain  species  will  be  found  on  pp.  830-844. 

An  interesting  experience,  and  one  very  significant  in  the  light  of 
our  further  investigations,  should  here  be  mentioned.  A  nitrogenous 
solution  prepared  in  the  usual  way  was  inoculated  with  a  certain 
species,  —  Bacillus  ubiquitus  (p.  830),  —  and  examined  from  time  to 
time,  both  chemically  and  bacterially.  The  solution,  on  standing  for 
several  months,  nitrified  completely,  and  the  gelatin  plate  culture 
showed  the  presence  of  a  pure  culture  of  B.  ubiquitus.  We  natu- 
rally concluded  that  we  had  discovered  a  nitrifying  organism ;  but 
repeated  inoculations  with  a  culture  of  this  same  organism,  both 
from  the  flask  that  had  nitrified  and  from  the  original  growth  in  a 
test-tube,  gave  a  negative  result.  No  better  success  was  had  with 
the  same  organism  freshly  isolated  from  water  or  soil.  No  explana- 
tion of  this  perplexing  occurrence  could  be  given  at  the  time,  but 
subsequent  events  made  it  probable  that  our  assumed  pure  culture 
was  not  a  pure  culture  at  all,  but  a  mixture  of  the  nitrifying  organ- 
ism and  B.  ubiquitus.  Whether  the  nitrifying  organism  was  intro- 
duced from  the  air,  or,  as  seems  more  likely,  accompanied  the  first 
inoculation  with  B.  ubiquitus,  is  unknown.  Possibly  some  of  the 
investigators  who  have  claimed  a  positive  result  with  species  of  bac- 
teria grown  on  gelatin  may  have  been  misled  in  a  similar  way. 

There  was,  as  has  been  intimated,  one  possible  explanation  of  our 
failure  to  n^ach  consistent  positive  results  by  the  use  of  species  of 
bacteria  isolated  by  the  method  of  gelatin  plate  culture.    It  might 
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be  that  the  nitrifying  organism  did  not  grow  on  gelatin.  Every- 
thing seemed  to  point  in  this  direction,  and  the  belief  was  further 
strengthened  by  a  very  significant  fact  observed  about  this  time. 
We  had  known  for  some  time  that  in  the  history  of  the  filter  tanks 
at  the  Lawrence  Experimeut  Station  speedy  nitrification  was  always 
coincident  with  a  marked  decline  in  the  numbers  ©f  bacteria.  The 
efiluents  discharged  from  the  filter  tanks,  although  high  in  nitrates, 
were  low  in  bacteria;  and,  moreover,  the  more  complete  the  nitrifi- 
cation, the  fewer  were  the  bacteria  in  the  effluent.  (See  pp.  262, 
594,  etc.) 

We  also  observed  that,  in  an  ammoniacal  solution  which  is  seeded 
with  ordinary  pond  water  containing  several  species  of  bacteria, 
there  is  during  the  first  few  days  a  rapid  multiplication  of  the  con- 
tained germs.  Nitrification,  however,  does  not  as  a  rule  begin  until 
from  ten  to  fourteen  days  have  elapsed.  By  the  time  nitrification 
begins,  the  numbers  of  bacteria,  as  shown  by  gelatin  plate  cultures, 
have  begun  to  decline  ;  and,  while  the  nitrogen  in  the  form  of  nitrites 
in  the  solution  is  increasing,  the  numbers  of  bacteria  are  as  steadily 
diminishing.  Thus,  in  one  instance,  an  ammoniacal  solution,  four 
days  after  its  inoculation  with  a  cubic  centimeter  of  Cochituate  water, 
contained  3,762,000  bacteria  per  cubic  centimeter.  Nitrification  had 
not  yet  begun.  When  the  first  signs  of  increasing  nitrites  appeared, 
the  numbers  of  bacteria  had  sunk  to  19,200  ;  and  when  the  nitrites 
reached  their  maximum,  the  bacteria,  shown  by  gelatin  plate  cult- 
ures, were  only  9,454.  It  was  certainly  difficult  to  understand 
why  nitrification,  a  process  apparently  dependent  upon  the  life  and 
activity  of  bacteria,  should  seem  to  flourish  best  under  conditions  in 
which  bacteria  were  perishing.  If,  however,  it  were  assumed  that 
the  nitrifying  organism  could  not  grow  in  the  usual  gelatin  media, 
all  the  perplexing  results  above  recorded  could  be  more  easily 
explained.  Under  these  circumstances  it  was  natural  for  us  to  make 
such  an  assumption. 

There  was,  of  course,  the  possibility  that  the  nitrifying  organism, 
by  its  growth  on  gelatin,  had  lost  its  peculiar  property  ;  but  it  did 
not  seem  to  us  likely  that  so  fundamental  a  property  could  be 
parted  with  in  so  short  a  time.  However  that  might  be,  we  deter- 
mined  to  test  the  other  hypothesis  first,  since  we  believed  it  to  be 
the  more  probable  of  the  two.  Accordingly,  experiments  were  begun 
to  attempt  to  isolate  the  nitrifying  organism  by  the  method  of  dilution. 
This  is  the  method  that  was  commonly  used'  by  investigators  in  bac- 
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tcriology  before  the  invention  of  solid  culture  media.  It  has,  as  is 
well  known,  serious  practical  as  well  as  theoretical  drawbacks.  In 
our  practice  a  small  portion  of  an  actively  nitrifying  solution  is 
transferred  on  the  loop  of  a  sterilized  platinum  needle  to  a  sterilized 
ammoniacnl  solution,  and  when  nitrification  is  thus  induced  in  the 
second  solution  a  fresh  transfer  is  made  from  this  to  a  third,  and  so 
on.  Rigid  precautions  have  been  taken  to  avoid  the  introduction  of 
foreign  germs.  For  a  description  of  the  general  bacteriological 
methods  employed  see  the  section  on  **  Methods"  in  the  report  of 
the  biological  work  of  the  Lawrence  Station  (p.  811). 

Hardly  were  these  experiments  well  under  way,  before  our  inter- 
est in  this  method  of  procedure  was  stimulated  by  the  publication  of 
communications  by  Percy  F.  Frankland  and  Grace  Frankland,  and 
by  Robert  Warington.* 

The  Franklands,  having  reached  a  conclusion  similar  to  our  own 
regarding  the  behavior  of  the  nitrifying  organism  in  gelatin,  had 
also  attempted  to  isolate  the  nitrifying  organism  by  the  dilution 
method,  and  had  succeeded  in  this  attempt.  They  state,  in  their 
abstract  of  the  paper  read  before  the  Royal  Society,  that,  **  after  a 
very  large  number  of  experiments  had  been  made  in  this  direction, 
the  authors  at  length  succeeded  in  obtaining  an  attenuation  consisting 
of  about  1-1 ,000,000th  of  the  original  nitrilying  solution  employed, 
which  not  only  nitrified,  but,  on  inoculation  into  gelatin-peptone, 
refused  to  grow,  and  was  seen  under  the  microscope  to  consist  of 
numerous  characteristic  bacilli,  hardly  longer  than  broad,  which 
may  bo  described  as  bacillo-cocci." 

Warington's  communication  entirely  confirms  that  of  the  Frank- 
lands,  in  so  far  as  it  relates  to  their  earlier  *-and  negative  results. 
He  had  not,  however,  at  the  time  of  writing,  succeeded  in  isolating 
the  nitrifying  organism. 

A  paper  by  Winogradsky  followed  soon  after.  He  appears  to 
have  discovered  independently  a  nitrifying  organism,  and  attributes 
his  success  largely  to  his  microscopic  examinations  of  the  nitrifying 
solutions,  and  to  his  use  of  solutions  devoid  of  organic  matter.  The 
following  is  the  composition  of  the  liquid  finally  adopted  by  him  :  — 

Ammonium  sulphate, 1  grm. 

Potassium  phosphate, 1  grm. 

Water  from  the  lake  (at  Zurich,  "  Ms  pure  "), .        .        1,000  grms. 

<• '        ■  ■  — ___^ — -  ■ 

•  The  Cbcmlcal  News,  Vol.  LXI.,  p.  136,  March  21, 1890. 
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Each  portion  of  100  cubic  centimeters  received  in  addition  .5  to 
1  grm.  of  basic  magnesium  carbonate,  suspended  in  distilled  water. 
Winogradsky  found  that  this  layer  of  magnesium  carbonate  at 
the  bottom  of  each  flask  afforded  an  excellent  gathering  place  for 
flocks  of  the  nitrifying  organism.  The  '*  nitric  ferment"  does  not, 
as  the  Franklands  had  already  shown,  grow  well  upon  ordinary 
gelatin  plate  cultures ;  and  this  is  probably  the  cause  of  the  failure 
of  all  previous  experimenters  to  isolate  the  special  ferment.  For 
Winogradsky's  detailed  description  of  the  nitric  ferment,  and  for  a 
statement  of  his  peculiar  views  concerning  its  function,  *«cZe  r^gu- 
lariser  la  circulation  du  carbone  sur  noire  planttey^  we  must  refer  to 
his  original  papers.* 

Before  receiving  Winograd^ky's  paper,  in  the  spring  of  1890,  we 
had  been  using  in  our  work,  at  the  suggestion  of  Mr.  Allen  Hazen, 
an  ammoniacal  solution  of  the  following  composition  :  — 

Ammonium  chloride  (resublimed),  ....        1.9070  grms. 

Sodium  carbonate, 8  7842  grms. 

Sodium  phosphate, 2000  grms. 

Potassium  sulphate, 2000  grms. 

These  salts  were  dissolved  in  such  a  quantity  of  re-distilled  water 
that  the  solution  contained  100  parts  of  nitrogen  per  100,000,  and  two 
equivalents  of  alkali.  Ten  cubic  centimeters  of  this  solution  were 
mixed  with  one  litre  of  re-distilled  water,  and  then  inoculated  as 
desired.  The  flasks  used  have  been  made  chemically  clean  by  boil- 
ing with  potassium  permanganate,  and  the  water  used  has  been 
twice  distilled.  The  other  rigid  precautions  absolutely  necessary 
in  all  work  of  this  character  have  always  been  taken.  The  solu- 
tions thus  prep?n'ed  have  contained  from  .0001  to  .0010  parts  per 
100,000  of  albuminoid  ammonia. 

Proceeding  with  this  solution  by  the  method  of  dilution,  we  at 
length  succeeded  in  isolating  a  nitrifying  organism.  A  flask  was  first 
inoculated  with  a  few  grains  of  sand  from  Tank  No.  13,  at  the 
Lawrence  Experiment  Station,  and  when  nitrification  was  at  its 
height  in  this  solution,  a  small  portion  was  transferred  from  this  to 
a  second  flask,  and  so  on.  After  a  large  number  of  unsuccessful 
attempts,  two  solutions  were  finally  obtained  which  nitrified  well, 

«  Anoales  de  r Institut  Pastear.    Tome  IV.,  1890,  No.  4,  p.  213 ;  No.  6,  p.  257. 
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but  gave  no  growth  upon  ordinaiy  gelatin  plate  cultures,  although 
the  plates  were  allowed  to  stand  for  seven  days.  Microscopic 
examination  of  these  solutions  showed  them  to  be  inhabited  by  a 
particular  form  of  bacillus,  and  apparently  by  that  alone.  These 
bacilli  are  short,  of  a  slightly  oval  shape,  and  vary  from  1.1  ;i  to 
1.7  ^  in  length;  they  are  about  .8  //  to  .9  ^  broad.  They  are 
grouped  very  characteristically  in  irregular  clumps,  and  are  held 
together  by  a  jelly-like  material.  Each  aggregation  is  indeed  a 
typical  zoSgloea.  The  aggregations  of  bacteria  were  found  chiefly 
on  the  bottom  of  the  flasks,  as  was  also  the  case  with  the  organism 
described  by  Winogradsky.  These  masses  of  zoogloea,  obtained 
as  a  pure  culture  .from  a  nitrifying  solution,  resemble  signifi- 
cantly the  zoogloea  discharged  in  considerable  quantities  from 
the  filter  tanks  at  Lawrence  (see  p.  848).  The  bacilli  stain 
with  some  difficulty  with  the  usual  aniline  dyes.  We  have  not 
observed  independent  movement.  Owing  to  the  lack  of  the  usual 
means  of  diagnosis,  it  is  difficult  to  determine  in  a  short  time 
whether  this  species  is  the  same  as  the  one  described  by  the  Frank- 
lands  and  by  Winogradsky^  On  one  important  point  there  appears 
to  be  a  difference  between  our  results  and  those  reached  by  the 
above-mentioned  investigators.  The  organism  discovered  by  them 
oxidizes  ammonia  to  nitrite,  but  carries  it  no  farther.  Our  own 
flasks  give  complete  oxidation  to  nitrate.  Whether  this  be  due  to  a 
diflerence  of  conditions,  a  difference  in  the  virility  of  the  organisms, 
or  a  specific  difference  in  the  bacteria,  we  are  not  at  present  pre- 
pared to  say.  The  short  time  at  our  disposal  has  made  it  impossible 
to  settle  this  and  many  other  questions  to  our  own  satisfaction. 
We  are  not  even  prepared  to  say  that  there  may  not  have  been  a 
mixture  of  two  or  more  species  in  our  flasks,  all  agreeing  closely  in 
mori)liological  characters,  and  in  giving  no  growth  on  gelatin,  but 
differing  in  important  physiological  respects.  .  Further  investigation 
is  necessary  to  settle  this  and  other  important  points  regarding  the 
relations  of  this  organism  to  the  process  of  nitrification. 

Whether  or  not  we  accept  the  views  of  Winogradsky,  it  is  cer- 
tainly worthy  of  remark,  as  he  observes,  that  an  organism  should 
exist,  which,  without  chlorophyll  and  in  the  apparent  absence  of 
organic  nitrogen  and  of  organic  carbon,  should  be  able  to  multiply 
and  thrive  upon  wholly  inorganic  compounds.  It  may  well  be 
doubted,  we  think,  whether  this  is  really  the  case.  It  seems  more 
reasonable  to  suppose  that  exceedingly  minute  quantities  of  organic 

Digitized  by  VjOOQ IC 


NITRIFYING  ORGANISM.  881 

pitrogen  and  carbon  are  actually  present,  and  escape  detection  by 
our  present  methods  of  chemical  analysis,  although  in  reality  suf- 
ficient to  nourish  generations  of  bacteria. 

Our  own  experience,  as  well  as  that  of  previous  investigators, 
seems  to  be  a  warning  against  a  too  confiding  use  of  the  gelatin 
plate  culture  in  bacteriological  work,  since  in  this  instance  such 
confidence  has  left  us  for  a  long  time  in  ignorance  of  a  common  and 
widespread  as  well  as  highly  important  organism. 

Septmmbek,  1693. 
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Acid  in  sewage :  Paob 

effect  of,  on  nitrification 552,  653,  G86,  687,  728,  729 

effect  of,  on  bacterial  discharge  from  flltt-ra 653,  858 

Acid  number,  explanation  of  term, 746 

Adametz,  experiments  on  nitrification, 867 

Air,  essential  to  nitrification,  effectof  exclusion  of  air,  127, 143-145,  140,  160,  161, 
240,  390,  449,  497,  498,  677-579,  684-586,  660,  661,  685,  730-734 

Air,  relation  of  amount  of  air  in  filter  to  number  of  bacteria  in  effluent, 

148,  149,  160,  161,  586-688,  692,  858,  861 

Albumen,  experiments  on  the  nitrification  of,        .        .        .         132-134,  726-727 

Albuminoid  ammonia: 

method  of  determining, .710,711 

relation  to  organic  nitrogen, 40,711 

significance  of,  in  chemical  analyses, 10-13,709 

Alga?.     See  Microscopical  Organisms. 

Alkali,  effect  of  excess  or  deficiency  of,  on  nitrification,     *  .        .        .        .      728 

Alivalinlty,  method  of  determining, 724 

Alum,  effect  of,  in  the  chemical  precipitation  of  sewage, 

738-744,  777-782,  784-786,  780-791 

Alumina,  effect  of,  on  the  filtration  of  water,        .        .         651,  052,  662,  607-699 

Aluminum  process  for  determining  nitrates, 714,  715 

Aluminum  salts  in  the  chemical  precipitation  of  sewage.     See  Alum. 

Ammonia : 

a  product  of  the  decomposition  of  nitrogenous  organic  matter,  10-13,  708,  709 

capacity  of  sand  to  nitrify, 727-729 

effect  on  the  number  of  bacteria  when  filtering  water  containing  am- 
monia,      154, 857 

experiments  on  the  nitrification  of  a  solution  of  ammonium  chloride, 

138,  130,  500-502,  727-729,  857,  858,  873 

method  of  determining  free  ammonia, 710,711 

no  loss  of  ammonia  on  distillation, 710 

significance  of,  In  chemical  analyses, 10-13,  708,  709 

See  also  under  Filter  Tanks. 

Ammonium  chloride,  nitrification  of,  In  Tanks  Nos.  12  and  13, 

138,  139,  500-502,  727-729,  857,  858-873 

Analysis.     See  Biological^  Bacteriological,  Chemical,  Microscopical ^  Mechanical. 

Analyses.     Sec  under  Filter  Tanks  ami  Sewage. 

Anguillula  In  eftluents  and  sewage, 47,  60,  85-87,  818 
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BacUIo-coccl  of  nitrification, 878 

BaciUos  cereus, 827 

Bacillus  circnlans, 831 

Bacillus  cloacae, 825, 826, 836 

Bacillus  coli  commune, 824,  827 

Bacillus  cyanogenus, 833 

Bacillus  dellcatulus, 837 

Bacillus  hyalinus, 826,  835 

Bacillus  jauthinus, 840,  841 

Bacillus  prodigiosus,  experiments  on  the  passage  of,  through  the  filters, 

55,  53,  151-153,  159,  160,  266,  267,  274,  413,  850-855 

Bacillus  reticularis, 834 

Bacillus  rubescens, 835 

Bacillus  superficialis, 838 

Bacillus  subtilis, 827 

Bacillus  ubiquitus, 826,880,876 

Bacillus  violaceus  laurcntius 838,841,842 

Bacteria: 

comparison  of  coarse  and  fine  sand  filters  in  removing, 

58,  260,  582-584,  591,  595,  596,  600 
comparisons  of  effluents  from  the  intermittent  filtration  of  sewage  with 

water  of  springs  and  wells, 584,  599,  672 

conditions  most  favorable  for  the  complete  destruction  of  bacteria  in 

the  filters, 58,  259,  260,  461,  463,  596,  847 

cultivation  of  species, 821,822 

definition  of,     .      * 51,  796,  797 

description  of  forms  observed  in  sewage, 830-844 

disease  germs  in  effluents  of  sand  filtration 403,600 

distribution  of,  in  the  filter  tanks,  .  59,  155,  160,  269,  270,  819,  413,  846,  848 
do  not  live  to  pass  through  fine-sand  and  soil-covered  filters,  260,  591,  596 
decrease  with  completeness  of  nitrification,  54,  149,  158,  160,  161,  259,  262, 
266,  817,  407,  415,  459-465,  502-505,  589-591,  594-696,  847,  861,  862 
during  nitrification  the  number  in  the  effluents  decrease  independent 

of  the  ammonias, 594,  593 

effect  of  acid  sewage  on  the  discharge  of,  fh>m  filters,  .  .  .  658,  858 
effect  of  ammonia  (ammoniacal  salts)  on  the  discharge  of,  from  the 

filters, 154, 857, 858 

effect  of  applying  hot  water  to  the  filter  on  the  discharge  of  bac- 
teria  122,  123,  148,  155,  587,  592,  593 

effect  of  bouillon  on  the  discharge  of,  from  the  filters,  .  151,  152,  855,  858 
effect  of  common  salt  on  the  discharge  of,  from  the  filters,  .  604,  605,  857 
effect  of  continuous  filtration  on  the  number  of,  in  effluent,  148,  149,  586,  587 
effect  of  first  application  of  sewage  to  the  filters  on  the  number  of,  in 

effluent,     ....     52-64,  147,  259,  316,  865,  407,  459,  502,  587 
effect  of  increase  In  quantity  of  sewage  upon  the  number  of,  iu  effluent, 

157,  459,  462,  463,  566 
effect  of  intermittent  filtration  on  the  number  of,  in  effluent, 

149,  150,  587-^94,  847.  848 
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Bacteria —  Concluded, 

effect  of  insnfflcieut  supply  of  air  on  the  number  of,  in  effluent, 

148,  149,  160,  161,  586-588,  592,  858,  861 
effect  of  solation  of  peptone  on  the  discharge  of,  from  the  filters, 

151,  152,503,855-858 
effect  of  rate  of  flow  on  the  number  of,  in  the  effluent,  45,  46.  55-57,  84-87, 
145,  146,  158,  159,  265-275,  800,  408-412,  441,  443,  462,  463,  672-676, 
849,  850,  854,  855 
effect  of  sterilizing  the  material  of  the  filter  on  the  number  of,  in  the 

effluent, 490-494,  502,  503,  592,  593 

effect  of  sugar  on  the  discharge  of,  from  the  filters,  .  151,  153,  855-858 
effluents  from  chemical  precipitation  of  sewage  may  support,  .  .  788 
effluents  txpia  intermittent  filtration  not  adapted  to  support,       596,  597,  788 

essential  to  nitrification, 7,  578,  709,  863-881 

fate  of,  in  intermittent  filtration  of  sewage,  .        .149, 150, 587-594,  847,  848 

growth  of,  in  boiled  water, 693 

growth  of,  in  outlet  pipe,  ....  268,  269,  272-276,  366,  367,  615 
increase  of,  in  effluent  from  coarse  sand  filters  after  each  intermission, 

55,  57,  58,  158,  237,  408-410.  416,  671,  678 
in  effluents  from  chemical  precipitation  of  sewage,  .  .  668,  739-788 
in  effluents  from  filters  of  coarse  and  fine  sand  compared, 

582-584,591,  595,596 
in  effluents  from  filters  of  gravel  stones,         ....        566,  670-672 

in  effluents  from  filters  of  peat, 584-548 

in  effluents  from  filters  receiving  water  only, .  .  614,  615,  654,  668,  695-699 
in  filtering  tanks  at  different  depths, 

59,  155,  160,  262,  265,  268,  269,  270,  819,  413,  846,  848 
In  Lawrence  city  water.  .  .  603-605,  614,  616,  649,  654,  659,  663,  696,  698 
in  liquid  drawn  at  different  depths  below  the  surface,   .  149,  157,  158 

in  sewage,  62,  60,  125,  167,  161,  259,  261,  278,  317,  407,  410,  461,  491,  503,  646, 
563,  666.  682,  687,  739,  740,  742,  748,  750,  752,  756,  760,  766,  768,  770, 
772,  774,  778,  780,  819-844 
irregularity  in  numbers  in  effluent  may  be  due  to  rain,  .  264,  265 

may  the  effluent  from  the  intermittent  filtration  be  used  for  drinking?  6.98-600 

method  of  determining,    .        . 61,62,811-816 

nitrifying,  investigations  on 866-861 

nitrification  (oxidation)  always  accompanied  by  decrease  in  bacteria. 
See  above  and  under  Nitrification, 

number  that  may  enter  sample  from  the  air, 62,  812-814 

passage  of,  through  filter  paper, 820 

passage  of,  through  sand  filters, 

66-68,  151-153,  158-160,  262,  266-267,  271-276,  413,  686-600,  850-866 

permanently  attached  to  the  sand, 160 

quantity  of  sewage  must  be  adapted  to  the  nature  of  the  filtering  ma- 
terial to  give  effluent  with  few  bacteria,       ....       577-584 
relation  of  available  food  supply  within  the  filter  to  number  of  bac- 
teria in  effluent,       .         .         .         .  123,  151,  491,  692,  693,  694,  858 
relation  of  number  of,  in  effluent  to  those  in  the  sewage  at  different 

periods  of  filtration, 682,  688,  591 

Bacteriological  analysis,  methods  of. 51,52,811-816 
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Berkshire   sand   used    for   filtering   water   for   microscopical   examina- 
tions,        810 

Biological  analysts,  methods  of, 796-811 

Biological  aspects  of  the  theory  of  intermittent  filtration,    .        .        .       859-8G2 

Biological  composition  of  the  filters, 848,  849 

Biological    phenomena  obser\-ed  in  the   Intermittent   filtration  of    sew- 
age,          846-846 

Biological  work  of  the  Lawrence  Experiment  Station,  .        .    9,  700,  701,  7U3-^62 

Boiled  water,  growth  of  bacteria  in, 69.^,  594 

Boiling  water,  effect  of  applying,  to  sand  of  filter,  122,  123,  148,  155,  687,  592,  593 

Boston  city  water,  average  composition, 870 

Bouillon,  eff*ect  of  applying,  to  filter  on  discharge  of  bacteria,      151,  152,  856,  858 
Burning,  wet  and  dry,     .        .  .        7.  40,  567,  578,  585,  586,  591,  610,  672 


C. 

Carcass  of  a  dog  within  filter,  eflJect  of,  on  effluent,      ....       689,  600 

Chemical  analysis,  methods  of 707-724 

Chemical  analyses : 

method  of  recording  results  of,  of  sewage  and  effluents,       .        .        .10-13 

meaning  of  results  of 10-13,  708,  709 

Chemical  Investigations  of  the  process  of  nitrification,         .         724-734,  765-781 
Chemical  precipitation  of  sewage,  report  of  Mr.  Allen  Hazcn,       666-669,  737-791 

bacteria  In  effluents  from 668,  739-788 

character  of  sewage  treated, 737,  787 

chemicals  used : 

alum, 737,  738,  740,  742-744,  777-786,  790 

copperas,        ....    787,  738,  740,  742-744,  760-770,  782-786,  790 

ferric  sulphate, 738,  742-744,  770-776,  782-786,  790 

lime,        ....      737-739,  740,  742-744,  746-759,  782-786,  789.  790 

comparison  of,  with  filtration, 668,  669,  790,  791 

comparative  advantages  as  regards  efficiency  and  cost  of  the  different 

precipltants, 667,  668,  782-786 

effect  of  effluent  on  fishes, 789 

general  results  of, 668,  789-791 

purity  of  effluent 668,  669,  786-788 

relation  of  sewage  and  effluent  to  growth  of  algse  and  bacteria,  .  788-789 
result  of  turning  effluent  Into  streams,  ....  668,  669,  788-789 
yeast  cells  In  effluent  a  measure  of  the  completeness  of  the  n-moval  of 

suspended  matters, 785 

Chemical  work  of  the  Lawrence  Experiment  Station,  .        .        .    9,  699,  707-734 
Chlorine : 

affords  an  Indication  of  the  presence  of  sewage,     .        .       11,  18-20,  672-678 

average  amount  in  Lawrence  sewage, 36 

influence  of,  in  the  phenolsulphonlc  method  of  detennining  nitrates,   .       714 

method  of  determining, 720,721 

not  retained  in  the  sands  of  the  filters, 18,  19,  255 

Coarse  sand  filters.    See  Filler  Tanks  Nos.  J,  12,  IS,  14,  27,  30, 

Cochituate  water  supply  of  Boston,  average  composition  of,        .        .        .       870 

Cohn,  method  of  microscopial  examination  of  water, 801 
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Fagi 
Color : 

effect  of  intermittent  filtration  on  color  of  water,  .        649-G52,  G58,  fi61,  GG3 
effect  of  alumina  in  removing,         .        .         .        .  G51,  G62,  G62,  697-009 

effluents  from  intermittent  filtration  of  sewage  colorless, 

40,  258,  315,  406,  416,  457,  5G(^rS4 
Common  salt.     See  also  Chlorine. 

eftect  of,  on  nitrification, 600-503,  729 

effect  of,  on  number  of  bacteria  in  efl[luent,    ....       604,  605,  857 
Continuous  and  intermittent  filtration  of  sewage  compared, 

6,  7,  127-132,  148.  160,  245,  246,  584^587 
Copperas,  effect  of,  In  the  chemical  precipitation  of  sewage, 

6GG-668,  737,  788,  740-744,  760-770,  783-786,  790 
Cost  of  chemicals  used  in  precipitation  of  sewage,  667,  668,  738,  776,  782-784 


D. 

Depth  of  filters,       .        .     2,  3,  15,  122,  238,  303,  403,  416,  500,  577,  €98,  690,  694 
Depth  to  which  sewage  penetrates  in  tiie  filter.    See  also  under  Bate 

of  Flow 19,  20,  45,  46,  58,  1-15,  146 

Determination  of  a11valinlt3% 724 

Determination  of  chlorine, 720,  721 

Determination  of  dissolved  oxygen, 722 

Determination  of  free  and  albuminoid  ammonia, 710,711 

Determination  of  loss  on  ignition 715-720 

Determination  of  nitrogen  as  nitrates 711-715 

Determination  of  nitrogen  as  nitrites, 715 

Determination  of  organic  nitrogen 711 

Determination  of  total  solids, 715 

Determination  of  dissolved  oxygen, 722-724 

Diagrams.     See  table  following  table  of  contents. 

Diagram  of  nitrates,  ammonias  and  bacteria,        .  125,  245,  449,  678,  582,  585 

Disease  gei'ms  in  effluents, 4015,  600 

Dog,  experiment  with  carcass  of,  in  filter, C8!),  090 

Drown,  Dr.  T.  M.,  chemist  of  the  Board, 9 

report  on  chemical  work  of  Lawrence  Experiment  Station,   .        .        705-734 


E. 

Effluents  from  chemical  precipitation  of  sewage  : 

character  of 668,  G89,  785-791 

comparison  with  effluent  from  intermittent  filtration  of  sewage, 

668,  669,  788,  790,  791 

degree  of  purification  attained, 668,689,780,787 

effect  of  turning  into  streams, 669,  788,  789 

Effluents  from  sewage  filtration.    See  also  under  Nitrification  and  Purification. 
comparison  with  drinking  waters,  .        .        .  259,  403,  416,  457,  597-600 

comparison  with  effluents  from  chemical  precipitation  of  sewage, 

668,^69,  788,  790,  791 

effect  of  turning  into  streams, 600 

may  they  be  u.'ieil  for  drinking? 507-000 
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Effluents  from  sewage  filtration  —  Concluded, 

not  adapted  to  support  bacteria, 596,  597 

quality  affected  by  rate  of  flow  (see  also  under  Bacteria), 

45,  46,  85-«7,  145,  14C,  672-676 

variations  In  the  bacterial  composition  of, 849,  850 

Vlgg  albumen,  experiment  on  nitrification  of,  132-184,  150.  726,  727 

Evaporation  and  rainfall  at  the  Experiment  Station 702-704 

Experiment  Station  at  Lawrence,  general  description  of,      .  .  1-6 


F. 

Ferric  sulphate,  precipitation  of  sewage  by, 

667-669,  738,  742-744,  770-776,  782-790 
Ferrous  sulphate,  precipitation  of  sewage  by, 

667-669,  737,  788,  740,  742-744,  760-770,  782-78i;,  790 
Filtering  materials.    See  Sands. 
Filters  (used  at  the  Station  in  the  treatment  of  sewage)  : 

biological  composition  of, 848 

comparison  of  efficiency  of  different  filtering  materials.     See  under 

Puiification, 
construction  and  method  of  filling, 

2-5,  122,  490,  491,  535,  549,  563,  648,  658,  679,  687-691,  697 
depth  of  filtering  material, 

2,  8,  15,  122,  238,  303,  403,  41G,  500,  577,  598,  690,  694 

depth  of  underdrains, 2,  3,  4,  58,  313 

general  management  of  the  filters  (see  also  under  Futification) , 

58.  257,311-^315 
adaptation  of  filtering  materials  to  amount  of  sewage, 

25,  26,  312-315,  462,  577-584.  671,  67«,  679 

clogging  of  surface 142,249-251,898.449 

covering  in  winter, 5,27,252,311,351,400,450 

establishing  a  permanent  condition  of  purification.     See  under  PuriH- 

cation,  ^ 

method  of  distributing  sewage  on  the  surface,    .     24,  25,  314,  566,  r.71.  682 

overburdening  the  filter  with  sewage, 142 

regimen  essential  to  success, 25-27,  58,  857,  858 

spading  under  the  surface  increases  the  capacity  of  the  filters, 

44,  142,  672,  677,  679,  680,  6f»3 

sub-soil  application  of  sewage, 457,458,461,684 

Filter  Tank  No.  1 : 

appearance  of  effluent, 40,  62-8:),  237 

bacteria : 
monthly  averages  of  determinations  of,  in  effluent,    .        .        .    80,  31,  54 
nearly  all  of  the  same  kind  in  the  sand  In  December,  1888,         .        .        59 

number  of.  In  sand  at  different  depths, 59 

number  of.  In  effluent,  small  during  nitrification,         ....        54 

number  of,  In  applied  sewage, 52,  60 

passage  of,  through  the  filter, 55-57,  237,  673,  677 

passage  of,  through  the  filter  influenced  by  rate  of  flow, 

55,  57.  84-87,  672-677 
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Filter  Tank  No  1  --  Concluded, 

bacteria,  table  of  determinations  of,  In  sewage  and  effluent, 

80,  81,  64,  60,  678,  677 

chemical  analyses  of  effluent, 61-87,  674-677 

chemical  analyses  of  effluent  and  sewage,  monthly  averages,  .  80,  81 

comparison  of  results  of  filtration  for  three  years,         .        .         89,  672-677 

covered  with  canvas, 27 

description  of,  . 2,  14 

details  of  experiments  In, 15-59,  672-677 

distribution  of  sewage  on  the  surface  of, 24,  25 

filtering  material  used  in  (coarse  mortar  sand} : 

air  space  in  filter, 15 

physical  and  chemical  properties  of,    .        .        .        .        .   14,  15,  287,  802 

quantity  of  liquid  held  by  the  sand, 15 

rate  of  passage  of  liquid  through  this  sand,         ...         15,  672,  676 
frost  and  snow,  efl'ect  of,  on  the  filtration  of  sewage,    .        .        .     15-18,  21 

fixed  residue  In  chemical  analyses  of  effluent, 88,  84 

loss  on  Ignition  In  chemical  analyses  of  effluent, 82,  83 

microscopical  examination  of  effluent, 47-51 

nitrification : 

accompanied  by  low  bacteria,       .   - 54 

beginning  of, 18,22,28 

during  second  and  third  years, 2|^,  676, 677 

Influence  of  spring  on, 29,  48 

In  winter, 22,  27-29,  88,  676 

of  stored  nitrogen  in  filter, 48 

percentage  of  nitrogen  in  the  sewage  that  appears  in  the  effluent  as 

nitrates, 28,  89 

relation  to  temperature, 18, 22,  28, 27-29 

nitrogen : 
amount  applied  to  the  surface  as  sewage  compared  with  the  amount 

In  the  effluent, 40-48 

loss  of,  In  filtration 42-43 

stored  in  filter, 40-44 

organic  matter  held  back  by  the  sand, 40-44 

organisms,  microscopical,  in  effluent, 47-51 

practical  management  of  filter,  regimen  essential  to  success,      25-27,  58,  676 
purification  effected  (see  also  above  nnder  chemical  and  bacterial  re- 
sults and  mtriftc<Uion)y  .        .      22,  28,  26-84,  87-89,  287,  802,  676,  677 

compared  with  other  filters, 582-584,  591 

comparison  by  seasons  of  the  year, 87-40 

comparison  of  results  of  three  years, 87-40,  676,  677 

relation  of  quantity  of  sewage  applied  to  purity  of  effluent,        .        28,  676 

relation  of  rate  of  fiow  to  quality  of  effluent,  45,  46,  55,  57,  84-87,  672,  677 

quantity  of  sewage  applied  in  relation  to  quality  of  effluent,  28,  676 

rate  of  fiow,  relation  of,  to  quality  of  effluent,    45,  46,  56,  57,  84-87,  672-677 

surface  of  filter,  condition  of,  during  filtration, 24 

spading  under  or  raking  over  of  surface  Increases  capacity,        .      672,  677 
temperature.  Its  relation  to  nitrification,         ...  18,  22,  23,  27-29 

winter,  filtration  during, 21,  22,  27-29,  38,  676 
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Filter  Tank  No.  2 : 

appearance  of  the  efflaent, 258,  277-299 

bacteria : 
found  living  in  outlet  pipe  and  underdrains,        .        .        268,  269.  272-276 
irregularity  in  numbers  may  be  due  to  rain,  .  264,  265,  276 

monthly  averages  of  determinations  ia  effluent,  .        .        246,247,263 

number  of,  decreases  rapidly  when  nitrification  commences,     259,  262,  265 

number  of,  in  efiluent, 259-276,  301 

number  of,  in  filter  at  different  depths, 269-270 

number  of,  in  applied  sewage, 60,259,261,273 

passage  of,  through  filter, 265-274 

passage  of,  through  filter  influenced  by  rate  of  flow, 

265-268,  271-276,  300 

chemical  analyses  of  effluent, 277-300,  679 

chemical  analyses  of  effluent  and  sewage,  monthly  averages,         246,  247,  263 
comparison  of  results  of  filtration  for  three  years,         .        .       253,  677,  679 

covered  with  canvas, 252,  267 

description  of, 2,  238,  260,  302 

details  of  experiments  in, 238-276,  677-679 

filtering  material  used  in  (clean  fine  sand) : 

air  space  in  filter,  .        .        ^ 238,  239 

physical  and  chemical  properties  of, 238,  260,  302 

quantity  of  liquid  held  by  sand, 238,  239 

frost  and  snow,  effect  of,  on  filtration  of  sewage,  .        .        .       239,  243,  261 
method  of  applying  sewage,     ....  239-246,  249,  267,  274,  678,  679 

microscopical  examination  of  effluents, 258 

microscopical  examination  of  sand, 270,  271 

nitrification : 

accompanied  by  low  bacteria, 259,  262,  265 

beginning  of, 244-246 

during  second  and  third  years, 253,  679 

influence  of  spring  on, 252 

in  winter, 252-254,  678 

of  stored  nitrogen  in  filter, 245,  248 

percentage  of  nitrogen  In  the  sewage  that  appears  in  the  effluent  as 

nitrates, 250,  252,  254 

relation  to  temperature, 244,  245,  252,  254,  678 

nitrogen : 
amount  applied  to  the  surface  as  sewage  compared  with  the  amount 

in  the  effluent, 255,  256 

loss  of,  In  filtration, 255-257 

stored  In  filter, 243,  244,  255-258 

organic  matter  held  back  by  the  sand,     .        .        .        .         243,  244,  255-258 

organisms,  microscopical,  in  effluent, 258 

organisms,  microscopical,  In  sand, 270-271 

purification  effected  (see  also  above  under  chemical    and   bacterial 

results  and  Nitrification)^ 302,  679 

compared  with  other  filters, 582-584.  591 

comparisons  by  seasons  of  the  year,  ....  252-255,  275,  276 
comparison  of  intermittent  and  continuous  filtration,  .  .  245,  246 
comparison  of  results  of  three  years, 252-255,  679 
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267.  258,  677-679 

244,245,262-264,678 

262-254,  678 
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Filter  Tank  No.  2—  Concluded, 

quantity   of    sewage    applied    in    relation    to    quality  of    effluent, 

247,  261.  267,  374,  275,  678,  679 
rate  of  flow,  relation  of,  to  quality  of  effluent,  .  .  265-268,  271-276,  800 
surface  of  filter,  condition  of,  during  filtration,  . 
spading  in,  or  raking  of  surface,  favorable  effect  of, 
temperature.  Its  relation  to  nitrification, 

winter,  filtration  during,  .> 

Filter  Tank  No.  3 : 

bacteria  found  in  effluent  probably  from  underdrains  or  outlet  pipe,     .      634 
chemical  analyses  of  sewage  and  effluent,  monthly  averages,         .        .      633 

description  of, 2,  531 

details  of  experiments  in,         ........       531-534 

filtering  material  used  (peat)  : 

physical  properties  of 631 

quantity  of  liquid  held  by  peat, •  .        .        .531 

rate  of  passage  of  liquid  through  the  peat  extremely  slow,         .      631,  632 

worthless  for  filtering  area, 634 

nitrification,  little  or  none, 634 

purification  effected, 634 

Filter  Tank  No.  3a  : 

bacteria  in  effluent, 680,  681 

chemical  analyses  of  effluent, 680,  681 

description  of, 679 

details  of  experiments  in, 679-681 

filtering  material  used  (flue  s&nd  at  bottom,  coarse  sand  on  top),         .      679 

nitrification 680,  681 

in  spring, 680 

of  stored  nitrogen. 680 

relation  to  temperature, 680 

nitrogen,  amount  applied  to  the  surface  as  sewage  compared  with 

amount  in  effluent, 680 

purification  effected, 680,  681 

quality  of  sewage  applied  in  relation  to  quality  of  effluent,    .        .       680,  681 

surface  of  filter  raked  over, 680 

Filter  Tank  No.  4  : 

appearance  of  the  effluent, 315-319,323-342 

bacteria : 

number  of,  In  sand  at  different  depths, 818,  319 

number  of.  In  effluent  small  during  nitrification,  .        .        .317 

passage  of,  through  the  filter  not  influenced  by  rate  of  flow,      .        .      317 
table  of  bacterial  determinations  In  effluent,        .        .        307,  308,  318,  681 

chemical  analyses  of  effluent, 320-342,  681 

chemical  analyses  of  effluent  and  sewage,  monthly  averages,  307-308,  313-315 

covered  with  canvas, 311,813 

description  of, 2,  303,  314 

details  of  experiments  In, 304--319,  681,  682 

filtering  material  used  In  (river  silt)  : 

physical  and  chemical  properties  of, 303,  304 

quantity  of  liquid  held  by  the  silt, 304 

rate  of  passage  of  liquid  through  the  silt, 304 
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Filter  Tank  No.  4  —Concluded. 

frost,  effect  of,  on  the  filtration  of  sewage, 305,  306 

microscopical  examination  of  the  effluent .      316 

nitrification : 

accompanied  by  low  bacteria, 817 

beginning  of, 306,  313 

in  winter, 812, 813 

percentage  of  nitrogen  in  the  sewage  that  appears  in  the  effluent  as 

nitrates, 812 

nitrogen  : 
amount  applied  to  the  surface  as  sewage  compared  with  the  amount 

in  the  effluent,        ....  ....       315, 316 

loss  of,  in  filtration, 316 

stored  in  filter, 316 

organisms,  microscopical,  in  the  effluent, 309,  316 

practical  management  of  the  filter 310-315,  681,  682 

purification  effected  (see  also  above  under  chemical  and  bacterial  results 

and  Nitrification), 311,  315,  681,  682 

compared  with  other  filters, 582-584,  591 

relation  of  quantity  and  time  of  application  of  sewage  to  purity  of 

effluent, 310-315,  681,  682 

quantity  of   sewage  applied  in  relation    to  quality  of  effluent, 

310-315,  681,  682 
surface  of  filter,  condition  during  filtration,  ....  309,  310,  814 
surface  of  filter,  trench  dug  in,  and  fflled  with  coarse  sand,  .       304,  314,  682 

temperature  in  its  relation  to  nitrification, 305-308 

winter,  filtration  during, 305,  306,  313,  315,  681 

Filter  Tank  No.  6 : 

appearance  of  effluent,     .        .        .        .        .  .        .        364, 385-391 

bacteria : 
absence  of  oxygen  probably  the  cause  of  the  extermination  of,        367, 368 

in  effluent  from  underdrains  and  outlet  pipe, 867 

table  of  bacterial  determinations  in  effluent, 892 

chemical  analyses  of  effluent, 369-391 

chemical  analyses  of  effluent  and  sewage,  monthly  averages,        .      362,  363 

covered  with  canvas, 858 

description  of, 2,  356-358.  682 

details  of  experiments  in, 356-368,  682,  683 

filtering  material  used  (fine  garden  soil)  : 

physical  and  chemical  properties  of, 356, 857, 368 

quantity  of  liquid  held  by  soil, 358,  360 

rate  of  fiow  of  liquid  through  this  soil, 357-359 

worthless  as  a  purifying  medium  for  sewage,      .  .        364, 368,  682 

frost,  effect  of,  on  filtration  of  sewage, 357,  358 

microscopical  organisms  in  effluent, 864,  365 

nitrification  does  not  take  place  in  soil  of  this  character,       .        364,  36a,  682 
nitrogen,  stored,  and  drawn  out  of  the  filter  as  ammonia,     .        360-864,  682 

organic  matter  held  back  by  the  soil, 360 

organisms,  microscopical,  in  effluent, 864,  365 

oxide  of  iron  in  the  filter,  effect  of, 861-3C4, 868 
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purification  effected, 361-364, 682 

quantity  of  sewage  applied,     .        .        .  357,  858,  3G0,  362,  368,  682,  683 

burface  of  filter  removed,      ' 858 

trench  dug  in  surface  of  filter  and  filled  with  coarse  sand,         .        .      682 
Filter  Tank  No.  6 : 

appearance  of  the  eflfiuent, 406,  416,  420-489 

bacteria : 
number  of,  in  eflluent,  .        .        .   895,  896,  407-413,  415,  416,  440-448,  688 
number  of,  in  efSuent  influenced  by  rate  of  flow,         .         408-418,  441-448 

number  of,  in  sand  at  different  depths, 418 

number  of,  small  during  nitrification, 407,  415 

passage  of,  through  the  filter, 411,  418,  415,  416 

chemical  analyses  of  effluent, 403,  417-439,  688 

chemical  analyses  of  sewage  and  effluent,  monthly  averages,         .       895,  396 

covered  with  canvas, 400 

description  of ,  .        . 2,  8,  898 

details  of  experiments  in, 894-414,688 

filtering  material  used  (mixture  of  fine  gravel  and  coarse  and  fine  sand 
four  feet  deep) : 

physical  and  chemical  properties  of, 893,  894 

quantity  of  liquid  held  by  the  sand, 395 

frost  and  snow,  effect  of,  on  filtration  of  sewage,  .        .        894,  897,  400,  402 

microscopical  organisms  in  effluent, 414 

nitrification : 

accompanied  by  low  bacteria, 407,  415 

beginning  of, 897,414 

influence  of  spring, 397 

in  winter, 401,  402 

of  stored  nitrogen  in  filter, 406,415 

percentage  of  nitrogen  in  the  sewage  that  appears  in  the  effluent  as 

nitrates, 401 

relation  of,  to  condition  of  surface  of  the  filter,  .       398,  899 

relation  of,  to  temperature, 397,  401,  402 

nitrogen : 
amount  applied  to  surface  as  sewage  compared  with  the  amount 

in  the  effluent, 405 

loss  of,  in  filtration, 405,  406 

stored  in  filter, 405,  406.  415 

organic  matter  held  back  by  the  sand, 405,  406 

organisms,  microscopical,  in  the  effluent, 414 

practical  management  of  the  filter, 898-400 

purification  effected  (see  also  above  under   chemical  and    bacterial 

results  and  under  Nitrification),     .        .  897-404,  406,  415,  416,  688 

compared  with  drinking  waters, 408,416 

compared  with  other  filters, 582-584,  591 

quantity  of  sewage  applied  in  relation  to  purity  of  effluent, 

895-406,  415,  416,  688 
rate  of  flow,  relation  of,  to  quality  of  effluent,        .        .         408-418,  441-443 

surface  of  fllter  untouched  for  three  years, 403,  688 

winter,  filtration  during, 401,402,414 
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Filter  Tank  No.  7 : 

appearance  of  the  effluent, 457,  458,  46G-48S 

bacteria : 

number  of,  in  effluent, 459-464,  489,  684 

numbers  in  effluent  small  during  nitrification 459—165 

numbers  in  effluent  when  applying  sewage  beneath  the  surftice, 

461.  462 

numbers  in  effluent  influenced  by  rate  of  flow, 4G2 

numbers    in  effluent   in  relation  to  quantity  of   sewage   applied, 

462.  463 

chemical  analyses  of  effluent, 4G6-48s«^ 

chemical  analyses  of  effluent  and  sewage,  monthly  averages,         .       446,  447 
comparison  of  results  of  filtration  for  three  years,  .        .       454,  455,  684 

description  of, *  .     ^2,  3,  444,  457 

detail  of  experiments  in, 447-465.  684 

Altering  material  used  (three  feet  six  inches  of  coarse  and  fine  sand 

and  flne  gravel  covered  with  ten  inches  of  yellow  sandy  loam 
and  above  six  inches  of  brown  soil)  : 

physical  and  chemical  properties  of, 444,  445 

quantity  of  liquid  held  by, .        .447 

very  slow  filtering  medium 457,  464,  465 

frost  and  snow,  effect  of,  on  filtration  of  sewage, .        .        .        447,  448,  454 

microscopical  organisms  In  effluent, 464 

nitrification : 

accompanied  by  low  bacteria, 459-465 

beginning  of 448,  449 

of  stored  nitrogen, 456,  457 

percentage  of  nitrogen  in  the  sewage  that  appears  in  the  effluents  as 

nitrates, 455 

relation  to  condition  of  surface .        .       449 

nitrogen  stored  in  filter 456,  457 

organic  matter  stored  in  filter, <       .       456,  457 

organisms,  microscopical,  in  effluent, 464 

practical  manaj;ement  of  filter, 449-451,457 

purification  effected  (see  also  above  under  chemical  and    bacterial 

results  and  Mtri/icatCon)y 448,451-459,684 

compared  with  other  filters, 582-584,  591 

comparison  of  effluent  with  drinking  waters, 457 

comparison  of  results  of  three  years, 454,4.55,684 

relation  of  quantity  of  sewage  applied  to  purity  of  effluent,       447-456,  684 

relation  of  purity  of  effluent  to  condition  of  surface,  .        .        449-451 

quantity  of  sewage  applied  in  relation  to  quality  of  effluent, .       447-456,  684 

rate  of  fiow,  relation  of,  to  quality  of  effluent, 4G2 

sewage  applied  below  the  surface, 457,  6« 4 

change  in  character  of  filter  in  consequence,  .        •      » •        461-i62 

soil  and  sand  compared  as  filtering  media  for  sewage,    .  464,  465 

sub-surface  application  of  sewage, 467,  461,  462,  684 

surface  of  filter,  condition  during  filtration,  ....        449,  450.  457 

surface  cleaned, 450 

surface  soil  on  loam  and  sand  reduces  rate  of  filtration,     .        .       464,  467 
winter,  filtration  during, 447,  44^,  453,  455,  456 
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Filter  Tank  No.  8  (filtering  water)  : 

appearance  of  the  effluent, 612,  626-647 

bacteria : 

namber  of,  in  effluent, 614-617,  696 

passage  of,  through  the  filter, 615,  607 

chemical  analyses  of  efflaent, 612,  622-647,  G95 

chemical  analyses  of  effluent  and  applied  water,  monthly  averages  of, 

603-605,  696 

color  removed  by  filtration, 612,695 

description  of 602 

filtering  material  used  (same  as  Tank  No.  7)  : 

physical  and  chemical  properties  of, 602,  603 

Lawrence  city  water,  analyses  of ,   ....        603,605,618-621,696 
Lawrence* city  water,  bacterial  and  microscopical  organisms  in,    612-614,  616 

microscopical  organisms  in  effluent, 612-614,723 

nitrification : 

compared  with  burning  by  fire, 610 

comparison  of  results  of  three  years,  .        .        .         601,  607-609,  612,  697 

in  spring, 606-609 

in  winter 608 

of  stored  nitrogen, 607,  609,  610 

percentage  of  total  nitrogen  of  tlie  water  that  appears  in  tlie  effluent 

as  nitrates, 606,  607 

nitrogen,  stored  of,  in  filter, 605-607 

organisms  in  effluent,  entire  removal  of , 612-614 

purification  effected, 601,610-612,695,697 

comparison  of  effluent  with  ground  water  supplies,    .        .        .       612,697 
quantity  of  water  applied  in  relation  to  quality  of  effluent,    .        .       611,612 

Filter  Tank  No.  9 ' 3 

Filter  Tank  No   10 3,  702 

Filter  Tank  No.  11; 
bacteria : 
number  of,  in  effluent,  comparison  with  Tank  No.  6, 

491,  502,  503,687,  691,692 
number  of,  in  effluent,  after  sterilization  of  filtering  material, 

490,  602,  603,  687,  692 
number  of,  in  effluent,  after  application  of  sewage,  .  491,  492,  602,  530 
number  of.  In  effluent,  in  relation  to  food  supply  within  the  filter, 

491,  687,  592 
number  of,  in  effluent,  small  during  nitrification,  .  .  .  602-604 
number  of,  in  effluent,  with  covering  of  peat  on  the  filter,  .  .  503 
number  of.  In  effluent,  when  solution  of  peptone  was  applied,  .  503,  604 
number  of,  In  effluent,  when  solution  of  ammonium  chloride  was 

applied, 604,  506 

number  of,  In  effluent,  when  solution  of  ammonium  chloride  and  com- 
mon salt  was  applied, 604,  505 

chemical  analyses  of  efiluent, 606-630 

chemical  analyses  of  effluent  and  sewage,  monthly  averages,        .        .      492 

description  of, .4,  490 

filtering  material  used  (four  feet  of  material  like  Tank  No.  6,  steril- 
ized)  393,  490 
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Filter  Tank  No.  11  —  Concluded. 

filtering  material  used,  air  space,         .        .    * 490 

quantity  of  water  held  by, 490 

nitrification, 492-494 

accompanied  by  low  bacteria, 502-505 

compared  with  that  in  Tank  No.  6,       ......        .      493 

percentage  of  total  nitrogen  in  the  sewage  that  appears  in  the  efflu- 
ent as  nitrates, 493 

nitrogen  as  nitrates  higher  than  in  Tank  No.  6, 494 

purification  efffected, 493,  494 

compared  with  other  filters, 582,  591 

effluent  compared  with  Merrimack  River, 494 

results  of  special  experiments  in  this  tank, 498-505 

covering  surface  with  peat  checks  purification,  nitrites  developed, 

495^98,  503,  504,  585 
solution  of  ammonium  chloride  applied  to  filter  nitrifies  well,   500,  501,  729 
solution  of  salt  checks  nitrification,  nitrites  developed,      .        500-502,  729 
Filter  Tank  No.  12 : 
bacteria : 

number  of ,  in  effluent, 12f?,  146-150,  582,  591 

number  of,  in  effluent  after  treating  sand  with  boiling  water, 

128,  128,  587,  593 
number  of,  in  effluent  during  continuous  filtration,     .  148,  149,  586 

number  of,  in  effluent  when  filtering  albumen, 150 

number  of,  in  effluent  when  filtering  bouillon,  .  .  .  .  .152 
number  of,  in  effluent  when  filtering  solution  of  sugar,  .  .  152,  153 
numl)er  of,  in  effluent  In  relation  to  food  supply,  .  123,  151,  587,  592 
number  of,  in  effluent  in  relation  to  rate  of  flow,  .  .  .  151,152 
passage  through  the  filter  of  bacillus  prodlgiosus,       .  .  151 

chemical  analyses  of  effluent, 162-187 

chemical  analyses  of  effluent  and  sewage,  monthly  averages,  .      126 
continuous  filtration  of  sewage  accompanied  by  cessation  of  nitrifi- 
cation,      127-182,686 

continuous  filtration,  comparison  of  results  of,  with  intermittent,  127-132,  586 

description  of 4,  122 

details  of  experiments  in, 122-135, 146-1  .'iS 

experiment  on  the  nitrification  of  albumen,  ....  123,  124,  727 
experiment  on  the  effect  of  sugar  on  nitrification,  .  .  .  134,  135,  730 
filtering  material  used  (coarse  sand  like  Tank  No.  1),     .        .        .14,122 

filled  into  tank  with  boiling  water, .122 

intermittent  filtration  changed  to  continuous,  comparison  of  results, 

127-132,  686 
nitrification : 

beglnnmgof, 123 

comparison  of,  in  Tanks  Nos.  1,  12,  13,  14,  .  .  128-127,  679,  681 
completeness  of,  greatest  where  most  nitrogen  is  stored,  .        .       124,  125 

of  stored  nitrogen, 124,  125,  129-134,  586 

organic  matter  held  back  by  the  sand 124,  125 

percentage  of  nitrogen  in  the  sewage  that  appears  in  the  effluent  as 

nitrates, 137 
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Filter  Tank  No.  12  —  Concluded. 
nitrogen : 

amount  stored  in  filter, 123-125 

storage  of,  in  continuous  filtration, 129,  130 

storage  of,  in  intermittent  filtration, 124,  125 

purification  effected, 125,  127,  582,  586 

compared  with  other  filters,         .' 582, 591 

comparison  of  results  of  Tanks  Nos.  1,  12,  13,  14,  filtering  different 

amounts  of  sewage  through  same  kind  of  sand,    .        .        123-127,237 

comparison  of  continuous  and  intermittent  filtration,         .        127-132,  580 

comparison  of  efiluent  with  drinking  water  supplies, .        .        .        .127 

quantity  of  sewage  applied  in  relation  to  quality  of  efiluent, .        123-127,  132 

Filter  Tank  No.  13 : 

appearance  of  the  effluent, 138 

hacteria : 

number  of,  in  effluent 130,  147,  153,  582,  583,  591 

number  of,  decreases  during  nitrification, 153 

number  of,  in  effluent  decreases  when  filtering  solution  of  ammonia,  154,  156 
number  of,  in  effluent  increases  after  forcing  boiling  water  into  the 

bottom  of  the  filter, 155 

number  of,  in  sand  at  different  depths  when  filtering  solution  of 

ammonium  chloride, 154-156 

passage  of  bacillus  prodiglosus  through  the  filter,       ....      154 

chemical  analysis  of  effluent, 138,187-212 

chemical  analysis  of  effluent  and  sewage,  monthly  averages,         .        .      136 

description  of , .        .        .4,122 

details  of  experiments  in,         ....    122-125, 135-139,  147,  153-157 
experiment  on  the  itltrificatlon  of  a  solution  of  ammonium  chloride, 

138,  139,  727 
filtering  material  used  (coarse  sand  like  Tank  No.  1),  .  .  .,  14,  122 
nitrification : 

beginning  of, 123 

comparison  of,  in  Tanks  Nos.  1,12,  13,  14,  .        .        .  123-127,  579-583 

completeness  of,  greatest  where  most  nitrogen  Is  stored,   .        .       124,  125 

of  stored  nitrogen, 124,  125 

percentage  of  nitrogen  In  the  sewage  that  appears  In  the  effluent  as 

nitrates, 187 

■nitrogen : 

amount  of,  stored  In  filter, 124, 125,  138 

organic  matter  held  back  by  the  sand, 124,  125 

purification  effected, 125,  135-138 

compared  with  other  filters, 582-^84,  591 

comparison  o1^  results  of  Tanks  Nos.  1,  12,  13,  14,  filtering  different 

amounts  of  sewage  through  same  kind  of  sand,  .        .        123-127,  287 
quantity  of  sewage  applied  in  relation  to  quality  of  efflaent,  .        123-127,  138 
Filter  Tank  No.  14 : 

bacteria :  • 

number  of,  in  effluent, 140,  147,  157,  591 

number  of,  in  effluent  decreases  during  nitrification,  .        .       160,  161 

number  of,  in  effluent  Increases  by  exclusion  of  air,    .        .        .       160,  161 
number  of,  in  effluent  affected  by  rate  of  flow,    ....       158,  159 
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Filter  Tank  No.  U  —  Concluded. 

bacteria,  number  of,  In  liquid  drawn  from  different  depths,  .       157 

passage  throagh  the  filter  of  bacillus  prodigiosus,      .        .        .        .159 

chemical  analyses  of  effluent, 213-236,  686 

chemical  analyses  of  effluent  and  sewage,  monthly  averages,         .        .       140 

description  of, 4,  122 

details  of  experiments  In,         .        .     '  .     122-125,  139-147,  157-161,  730-734 
experiments  on  the  effect  of  limiting  and  excluding  air  from  the  tank 

on  nitrification, 143-145,  535,  685,  730-734 

filtering  material  used  (coarse  sand  like  Tank  No.  1),    .        .        .        14,  122 
nitrification : 

accompanied  by  low  bacteria, 160,  161 

beginning  of, 123 

comparison  of,  In  Tanks  Nos.  1,  12,  13,  14,         .        .         123-127,  582,  583 
completeness  of,  greatest  where  most  nitrogen  Is  stored,  .        .       124,  125 

of  stored  nitrogen, 124,125 

percentage  of  nitrogen  In  sewage  that  appears  In  the  effluent  as 

nitrates, 137,  140,  161 

nitrogen : 

amount  stored  In  filter, 123-125 

organic  matter  held  back  by  the  sand 124,125 

purification  effected, 125,  140-142,  582,  583,  685,  686 

compared  with  other  filters, 582-584,  591 

quantity  of  sewage  applied  in  relation  to  quality  of  effluent, 

123-127,  141,  142,  686 

rate  of  flow  In  relation  to  quality  of  effluent,  ....       158,  159 

surface  of  filter  becomes  clogged  by  reason  of  being  overburdened,     .       142 

surface  worked  over  with  good  effect,     .        .        .      • .        .        142,  143,  686 

Filter  Tanks  Nos.  15,  16,  17  and  18 : 

bacteria  In  effluents, 536,  537,  546-s>48 

chemical  analyses  of  sewage  and  effluent,  monthly  averages, .        .       536,  537 

description  of,  .        . 535,  540,  543,  545 

details  of  experiments  In, 535-548 

illtering  material  used  (peat  and  sand  from  Saugus  marshes)  : 

rate  of  fiow  of  liquid  through  the  peat  extremely  slow,     .        .       537-539 

unfit  for  filtering  area, 585,  538,  539,  542,  544,  546 

•nitrification  little  or  none 538,  639,  541,  543,  545 

purification  effected, 538,  539,  542,  544-546 

Filter  Tank  No.  15a  : 
bacteria : 
effect  of  the  addition  of  saltpetre  on  the  number  of,  In  effluent,         .      553 
effect  of  the  addition  of  sulphuric  acid  to  the  sewage  on  the  number 

of,  in  effluent, 553 

number  In  the  efflaent, 562 

chemical  analyses  of  effluent, 650,  554-561,  687 

chemical  analyses  of  effluent  and  sewage,  monthly  averages,        .        •      551 

description  of, ^ 549 

details  of  experiments  in, 649-553,  686,  687 

experiments  on  the  effect  of  the  addition  of  add  to  the  sewage  on 

nitrification, 552,  553,  686,  687 
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Filter  Tank  No.  15a  —  Concluded, 

experiments  on  the  effect  of  the  addition  of  saltpetre  on  the  number  of 

bacteria  in  the  effluent, 553 

filteriug  material  used  (large  gravel  stones) , 54 i) 

amount  of  air  space  in, 541) 

amount  of  liquid  held  by  the  stones, 549 

nitrification, 551 

effect  of  the  addition  of  acid  to  sewage  on,  .        .        .        552,  553,  68C,  G87 

purification  effected, 551 

purification  effected,  when  sewage  was  acid,  .        .        .        552,  653,  686,  687 
Filter  Tanlt  No.  16a  : 

appearance  of  the  effluent, 566,  569-575,  672 

bacteria  in  effluent, 564,  566,  576,  671 

chemical  analyses  of  effluent, 564,565,568  575,671 

chemical  analyses  of  effluent  and  sewage,  monthly  averages,         .        .      564 

description  of, 563,  670 

details  of  experiments  iu, 563-567,  671 

filtering  material  used  (small  gravel  stones), 563 

air  space  In, 563 

nitrification  In, 564,  565,  670-672 

purification  effected, 566,  667,  578,  670-672 

not  dependent  on  mechanical  straining, 567,  671 

effluent  compared  with  some  well  waters,    .' 672 

Filter  Tanks  Nos.  17a  and  19 : 

chemical  analyses  of  effluent, 688 

experiment  to  determine  whether  the  addition  of  marble  dust  has  any 

effect  on  nitrification, 688 

filteriug  material  used  (sand  intermediate  In  fineness  between  Tanks 

No.  I  and  No.  2,  with  layers  of  marble  dust  in  No   17a),    .       687,  688 

purification  effected 688 

quantity  of  sewage  applied, .        .       688,  689 

Filter  Tank  No.  18a  (filtering  water)  : 

alumina  precipitated  within  the  tank, 697 

bacteria,  number  of,  in  effluent, 698 

chemical   analyses   of   applied   water   and   effluent,    monthly   aver- 
ages,         *.        ...      698 

color  removed  by  the  alumina, 698,  699 

description  of , 697 

deterioration  of, 699 

filtering  material  used  (coarse  sand  In  whicli  aluminum  hydrate  had  beeu 

precipitated), 697 

nitrification, 698,  699 

nitrogen,  reduction  of  organic, 699 

purification  effected, 698, 699 

quantity  filtered  iu  relation  to  quality  of  effluent, 699 

Filter  Tank  No.  20  (filtering  water)  : 

alumina,  effect  of,  in  removing  color,      .        •.        .        .        .        .651,  652 

bacteria,  number  of,  in  effluent, 649,  654 

bacteria,  effect  of  lime  water  on  number  of,  ia  eflluent,  ....  654 
chemical  analyses  of  effluent  and  city  water  applied,  .  649,  050,  655-657 
clay,  effect  of,  In  removing  color, 651,652 
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Filter  Tank  No.  20  (filtering  water)  —  Concluded. 

color  removed  by  filtration, 64D-652,  663 

description  of, 648 

filtering  material  used  (same  coarse  sand  as  Tank  No   1)  : 

quantity  of  water  that  can  pass  through  In  a  day,       ....      648 
Lawrence  city  water,  analyses  of, 649,  650 

microscopical  organisms  in, 653,  654 

lime,  no  effect  on  nitrification, 652,  653,  654 

microscopical  organisms  In  applied  water  and  efiluent,  .        .        .       653,  654 

nitrification, 649-652,  663 

organisms  in  applied  water  and  effluent, 653,  654 

purification  effected, 649,  650-652,  663 

quantity  of  water  applied  in  relation  to  quality  of  effluent,    .        .       648-654 
Filter  Tank  No.  20a  (filtering  water)  : 

alumina,  effect  of,  in  removing  color, 662 

bacteria,  number  of,  in  effluent, 663 

chemical  analyses  of  effluent, 659,661,664,665 

color  removed, 658,  661-665 

description  of, 658 

filtering  material  used  (alternating  coarse  and  fine  sand) : 

air  space, 658 

physical  and  chemical  properties,         .        .        .        .  •     .        .        .      C62 
Lawrence  city  water  applied  to  filter,  chemical  analysis  of,   .        659,  664,  665 

bacteria  In, 659 

nitrification, 660,  661 

purification  effected, 600.  661,  663 

quantity  of  water  applied  In  relation  to  quality  of  effluent,    .        638,  660,  661 

method  of  applying  to  give  the  greatest  access  of  (dr,        .        .       660,  661 
FUterTankNo.  26: 

bacteria  in  effluent, 689 

chemical  analyses  of  effluent, 689,  690 

description  of, 689 

experiment  to  determine  the  effect  of  the  burial  of  a  carcass  of  a  dog 

on  the  composition  of  the  effluent, 689,  600 

filtering  material  used,  gravel  and  sand  from  a  cemetery,      ,        .        .      689 

nitrification,      . 6=^9,  690 

Filter  Tanks  Nos.  26  to  81,  experimental  tanks  to  determine  upon  what  the 

beginning  of  nitrification  depends, *  690,  691 

bacteria  in  effluents, 693,694 

chemical  analyses  of  sewage  and  of  effluents,         ....       693,  694 

description  of  tanks, 690 

details  of  experiments  In, 691-695 

effect  of  season  of  the  year  on  nitrification, 691 

eftiBct  of  temperature  on  nitrification, 691,  692 

effect  of  stored  nitrogen  on  nitrification, 692 

filtering  materials  used  (gravel  stones,  coarse  and  fine  sand),         .       690,  691 

depth  of  material,  two  feet  six  inches, 690 

nitrification, .        691-694 

nitrogen : 

amount  applied  in  sewage  in  relation  to  amount  in  effluent,        .        .      692 

stored  in  filters, 692 
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Filter  Tanks  Nos.  26  to  <J1  —  Concluded. 

purification  effected, 693,  694 

dependent  on  method  and  times  of  applying  the  sewage,    .        .       693,  694 

quantity  of  sewage  applied, 693,  694 

shallow  filters  require  more  attention  to  the  surface,     ....      694 

Filtration  field, 4, 6,  343-355 

appearance  of  effluent, 353,  354 

chemical  analyses  of  effluent, 347-350,  353,  354 

character  of  field  and  filtering  material,  .        .        .        .        .        .4,  343,  350 

distribution  of  sewage  on,  in  trenches,    .        .        .        4,  5,  343,  344,  360-352 

frost,  efiect  of,  on  filtration  of  sewage, 343,  344 

purification  effected,         .     ' 349, 350 

surface  becomes  clogged, 351 

underdrains  of, 4,  845,  350 

Filtration  of  sewage : 

compared  with  chemical  precipitation,    ....        668,  669,  790,  791 

general  results  of  intermittent  filtration, 577-600 

intermittent  and  continuous,  compared,  6, 7, 127-132, 148-150, 246, 246, 584-587 
purity  of  effluent  attainable, 

127,  237,  249,  253,  276,  302,  315,  364,  368,  403,  416,  457,  464,  667,  577-600 
purity  of  effluent  compared  with  drinking  waters, 

127,  249,  315.  403,  416,  457,  597-600,  672 
through  coarse  sand.     See  Filter  Tanks  iVbs.  i,  12y  13,  14,  27,  30. 
through  coarse  and  fine  sand  and  fine  gravel.     See  Filter  Tanks  Nos.  6,  11. 
through  coarse  and  fine  sand  and  fine  gravel  covered  with  loam  and 

soil.    See  Filter  Tank  No.  7. 
through  fine  sand.     See  Filter  Tanks  Nos.  2,  17a,  19, 
through  fine  sand  covered  with  coarse.     See  Filter  Tank  No.  3a. 
through  garden  soil.     See  Filter  Tank  No.  5. 
through  gravel  stones  (large).     See  Filter  Tank  No.  15 a. 
through  gravel  stones  (small).     See  Filter  Tanks  Nos.  16a,  26,  29. 
through  peat.     See  Filter  Tanks  Nos.  3,  15,  16, 17,  18. 
through  river  silt.     See  Filter  Tank  No.  4  and  Filtration  Field. 
Filtration  of  water.     See  Filter  Tanks  Nos.  S,  IS  a,  20,  20  a. 
Fine  sand  filters.     See  Filter  Tanks  Nos.  2,  17a  and  19, 

Fixed  residue  in  chemical  analyses, 10,715-720 

Fixed  residue  in  effluent  of  Tank  No.  1, 33,  34 

Frank,  experiments  on  nitrification, 867 

Frankland,  P.  F  ,  experiments  on  nitrification,      ....        867-869,  878 

Free  ammonia,  method  of  determining, 10,710,711 

Free  ammonia,  significance  in  chemical  analyses,  .        .        .    10-13,  708,  709 

See  also  Ammonia. 
Free  oxygen,  necessary  to  nitrification  (see  also  Air),  .        .    7,  143,  145,  730-734 
Frost  and  snow,  effect  on  the  filtration  of  sewage  in  the  tanks  and  in  the 
field.     See  under  Filter  Tanks  and  Filtration  Field. 

G. 

Garden  soil  used  for  filtration  in  Tank  No.  5  (which  see) ,    .        .        .        .      356 

Gelatine  plate  cultures, 51,62,814-816,881 

General  results  with  coarse  sand  filters, 237 
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General  view  of  results, 577 

Grerms.     See  Bacteria. 

Grandval  and  Lajoux,  process  of  determining  nitrates,        .        .        .        711-715 

Gravel  as  filtering  material.     See  Filter  Tanks  Nos,  6,  7,  11, 

Gravel  stones  as  filtering  material.    See  Filter  Tanks  Nos.  15 a^  16a,  26,  29. 

Gravel  stones,  filtration  tlirougli,  afiord  best  illustration  of  intermittent 

filtration  of  sewage, 567,  578.  670-672 

H. 

Hassall,  A.  H.,  method  of  microscopical  analysis,         ....       799,800 

Hazen,  Allen,  chemist  in  charge  at  Station,  .     * 9 

chemical  worlc  of  the  Lawrence  Experiment  Station,     .        .        .       705-734 

chemical  precipitation  of  sewage, 735-791 

Ilcraeus,  experiments  on  nitrification, 867 

llirt.  Dr.  L.,  method  of  microscopical  analysis  of  water,     .        .        .       801,802 


Ice  and  snow  on  filters.     See  under  Frost  and  Filter  Tanks. 
Intermittent  and  continuous  filtration  of  sewage  compared, 

6,  7,  127-132,  148-150,  245,  246,  581-587 
Intermittent  filtration  of  sewage.    See  Filtration  of  Sewage  and  Filter  Tankj. 
Intermittent  filtration  of  water   (see  under  Filter    Tanks  Nos.  5,   18a, 

20,  20a), 601-663,  695-699 

Investigation  of  the  process  of  nitrification, 727-734 

Investigation  upon  nitrification  and  the  nitrifying  organisms,      .        .       863-881 
Iron  salts,  precipitation  of  sewage  by.    See  Copperas  and  Ferric  Sulphate. 


Jordan,  E.  O.,  assistant  biologist, 797 

report  on  certain  species  of  bacteria  found  in  sewage,  .        .        ,       821-844 
investigation  upon  nitrification  and  the  nitrifying  organisms,   with 

Ellen  H.  Richards, 863-881 

K. 

Kean,  A.  L.,  method  of  microscopical  examination  of  water,       .        .        .      805 
Kjeldalil  nitrogen  process, 711 


Laboratory  work  at  the  Experiment  Station,         .        .        .9,  699,  700,  707-734 

Lawrence  Experiment  Station,  description  of, 1-5 

Lawrence  city  water : 

bacteriological  analyses  of,  .  603-605,  614,  616,  649,  654,  659,  663,  696,  698 
chemical  analyses  of,  .  .  603-605,  612,  618-621,  649,  659,  695,  696,  698 
microscopic  organisms  in 613,  653,  654 

Lawrence  sewage.     Sec  Svii-afje. 
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Lime : 

as  marble  dust  used  in  Tank  No.  17a, 688 

calculations  to  determine  the  proper  amount  to  add  in  the  chemical 

precipitation  of  sewage, 746-749,  758,  759 

effect  of,  In  chemical  precipitation  of  sewage,        .        .        738-759,  784,  789 
and  alum,  effect  of,  in  chemical  precipitation  of  sewage, 

740-744.  777-782,  786,  790 
and  copperas,  effjct  of,  in  chemical  precipitation  of  sewage, 

740-744,  760-770,  783-786,  789,  790 
Loam  In  Tanks  Nos.  7  and  8,  chemical  and  physical  properties  of,       .       444,  445 
Loss  of  nitrogen  In  the  filtration  of  sewage.     See  under  Nitrogen  and  Filter 
7'anks. 

Loss  on  Ignition  in  chemical  analyses, 10-12 

method  of  determining, 715-720 

Loss  on  ignition  during  two  years  In  effluent  of  Tank  No.  1,        .  32,  38 


M. 

Macdonald,  J,  D.,  method  of  microscopical  analysis  of  drinking  water, 

802,  803 
Marble  dust  used  in  Tank  No.  17a,  effect  on  nitrification,     .  .       688,  689 

Mechanical  analysis  of  filtering  materials.    See  under  Filter  Tanks. 
Mechanical  filtration  an  unimportant  feature  in  the  purification  of  sew- 
age by  intermittent  filtration,        .  .  607,  670-672, 860-861 

Methods  of  bacteriological  analysis, 51,52,811-816 

Methods  of  chemical  analy.sls, 710-724 

Methods  of  microscopical  analysis, 799-811 

Micro-organisms, 796 

See  under  Bacteria  and  Microscopical  Organisms. 

Microscopical  analysis,  methods  of ,    , 799-811 

Microscopic  organisms  In  effluents  and  sewage.    See  uuder  Filter  Tanks  and 
Seicage. 

Microscopic  organisms  In  Lawrence  city  water 613,  653,  654 

Microscopic  organisms  In  effluents  from  filtration  of  Lawrence  city  water. 

See  Filter  Tanks  Nos.  8,  18a,  20,  20a. 
Microscopic  organisms  In  effluehts  affected  by  rate  of  flow, .        .        .        .47-61 

Mineral  constituents  of  sewage  and  effluents, 37 

Mills,  Hiram  F.,  experiments  at  Lawrence  Experiment  Station  organized 

and  conducted  by, 1,9 

Natural  waters,  progress  of  nitrification  in, 871 

Nitrates,  methods  of  determining, 711-715 

Nitrates,  significance  of  (see  also  under  Nitrification), ....    10-13,  709 
Nitre  added  to  sewage,  effect  on  number  of  bacteria  In  effluent,  .  .      653 

Nitric  acid.    See  under  Nitrates. 
Nitrification.     See  also  Purification. 

beginning  of,  in  efllueots  when  temperature  reached  39^  F., 

18,  22,  23,  123,  244-246,  30G,  313,  397,  414,  448,  449,  579,  680,  691 
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Nitrification,  completeness  of,  greatest  where  most  nitrogen  is  stored,       124,  125 
condition  of  surface  of  filter  affects  nitrification, 

142,  248-251,  257,  268,  398,  399,  449,  495-498,  677,  680 
does  not  take  place  in  continuous  filtration,  .  .  127-129,  131,  398,  585 
does  not  take  place  in  filters  of  peat  dr  garden  soil,  .  364,  368.  534,  682 
effect  of  addition  of  acid  to  sewage  on,  .  552,  553,  686,  687.  728,  729,  734,  858 
effect  of  addition  of  solution  of  common  salt  on,  .  504,  505,  729,  734,  857 
effect  of  addition  of  a  solution  of  sugar  on,  .  .  134,  135,  729,  734,  857 
effect  of  amount  of  free  oxygen  on  (see  also  under  Air),       .        730-734,  858 

effect  of  excess  or  deficiency  of  alkali  on, 728 

effect  of  exclusion  of  air  on  (see  also  under  Air),  .        .  143-145,  398,  584-586 

effect  of  depth  of  filter  on, 403,  577,  584,  694 

effect  of  increased  quantity  of  sewage  on,       .        .        .  26,  141,  404,  463 

Influence  of  spring  on,      29,  43,  252,  306,  397,  448,  579,  581,  606,  609,  680,  691 
influence  of  temperature  on,  18,  22,  23,  27-29,  244, 245,  252,  254,  306,  397,  401, 

402,  448,  579-581,  678,  630.  691,  692 
influence  of  winter  on,    22,  27-29,  38,  245,  252-255,  312,  813,  401,  402,  448, 

579^81,  608,  676,  678,  692 

investigations  of  the  process  of , 724-734,865-^81 

nature  of, 7,  8,  579,  610,  865 

number  of  bacteria  In  effluent  decreases  as  nitrification  becomes  more 

complete,  54,  149,  153,  160,  161,  259,  262,  265,  317,  407,  415,  459-465, 

502-505,  589-591,  594-596,  847 

of  albumen, 132,  134,  726,  727 

of  ammonia,  experiments  to  determine  the  capacity  of  a  sand  filter, 

138,  139,  500-502,  727-728,  734 
of  stored  nitrogenous  matter  In  the  filters,  43,  124,  125,  129-134,  243.  245, 
248,  406,  415,  456,  457,  590,  607,  609,  610,  680,  691.  692 
percentage  of  total  nitrogen  applied  as  sewage  that  appears  la  the 

effluent  as  nitrates,         .        .    28,  137,  250,  312,  401,  455,  493,  606,  C07 
progress  of.  In  natural  waters  and  In  organic  and  ammonlacal  solutions, 

•  865.871,873 

stored  nitrogenous  matter  in  the  filters  necessary  before  nitrification 

begins  to  be  active,        .        .        .  124,125,577,579,610,691,692 

Nitrifying  organism,  isolation  of, 865-^81 

Nitrites : 

method  of  determining, 715 

developed  when  oxidation  is  incomplete,        .        .        .        .        141,  494.  727 

developed  in  presence  of  salt, 497,  729 

developed  when  amount  of  alkali  Is  deficient, 728 

Nitrous  acid.     See  Nitrites, 
Nitrogen : 

amount  applied  to  the  filter  as  sewage  compared  with  that  In  the  effluent, 

40-44,  255,  256,  315,  316,  360-364,  401,  404,  405,  680,  682,  692 
determination  of,  in  four  forms  in  chemical  analysis,     .     10-11,  580,  708,  709 

See  also  Free  Ammonia,  Albuminoid  Ammonia,  Nitrites  and  Nitrates, 
loss  of  nitrogen  in  intermittent  filtration,       .      42-43,  255-257,  316,  405,  406 
loss  of  nitrogen,  experiments  designed  to  account  for,  .        .        .        724-730 
organic.     See  Organic  Nitrogen, 
storage  of  nitrogenous  organic  matter  in  the  filtering  material, 

40-44,  123-125,  129,  130,  131,  138,  243,  244,  248,  255-258,  315,  316,  360,  363, 

404-406,  415,  456,  457,  581,  605-607,  692 
nltrophenols  formed  In  the  process  of  determining  nitrates,  .        .        .      713 
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Org^anic  matter : 

determination  of,  by  loss  on  Ignition,       .        .        .  10-13, 32, 33,  715-720 

indirect  determination  of,  by  albuminoid  ammonia  and  total  nitrogen, 

11,  13,  40,  710,  711 
process  of  decay  of,  products  formed,  ....  10-13,  580,  708,  709 
stored  in  the  filtering  material.     See  under  Nitrogen. 

Organic  nitrogen : 

determination  by  the  Kjedalil  process, 711 

relation  of ,  to  albuminoid  ammonia, 40,711 

Organisms,  microscopical  (see  also  Bacien a), 796,797 

fate  of,  infiltration, 845-847 

In  effluents  from  sewage  filtration,  47-51,  258,  316,  364,  365,  414,  464,  845-847 

in  effluents  from  water  filtration, 612,  613,  653,  654 

in  Lawrence  city  water, 613,653,654 

in  sewage, 49,  50,  816,  819,  845-847 

nitrifying,  investigations  upon, 865-881 

Oxidation   (see  also  under  Nitrification)  ^   products  of  the  oxidation  of 

organic  matter, 10-13,  580,  708,  709 

probable  destruction  of  bacteria  by, 596,  858 

Oxygen : 

consumed,  method  of  determination, 721,722 

dissolved,  method  of  determination, 722-724 

eflfect  of  amount  of  free  oxygen  on  nitrification  (see  also  under  Air) ,    730-734 
efiect  of  amount  of  free  oxygen  on  bacteria  (see  also  under  Air  and 

Bacteria),        .        .        . 588,  592,  858 

P. 

Parker,  G.  H.,  biologist, 9,798 

Peat,  nearly  Impervious  to  water,  unfit  for  filtering  material  (see  also  Filter 

Tanks  Nos.  3,  15,  16.  17  and  18),  .  .  495-498.  531-548,  578,  579 
Peptone,  experiments  on  the  nitrification  of,  .  .  498-500,  726,  727,  856 
Persulphate  of  iron.    See  Ferric  Sulphate. 

Phenolphthalein,  used  to  determine  acid  number, 746 

Phenol phthalein,  used  to  determine  when  enough  lime  has  been  added  to 

precipitate  sewage, 764 

Phenolsulphonlc  process  for  determining  nitrates,         ....       711-715 
Precipitation  of  sewage.    See  Chemical  Precipitation. 

Proteus  Zenkeri, 825,  839 

Purification  of  sewage  by  Intermittent  filtration  (see  also  under  Nitrifica- 
tion), by  destruction  or  interception  of  organic  matter  but  with- 
out nitrification,         ....        123,  243,  244,  308-310,  397,  580 
as  shown  by  the  ammonias  of  the  effluent  (see  also  under  Filtrr 

Tanks),  37-39,  253,  311-315,  364,  403.  404,  416,  451-453,  493,  494,  551. 
665,  567,  682,  583,  671,  676,  677,  679,  681,  683-688 
compared  with  continuous  filtration,  6,  7,  127-132,  148-150.  245,  246,  684-687 
comparison  of  efficiency  of  diffbrent  filtering  materials  (see  also  under 

Filtration  of  Sewage  and  Filter  Tanks),  58,  237,  302,  355,  308,  445,  464, 

465,  577-591,  670,  672 
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Purification,  degree   of   purification  of  effluent   expressed   by  chemical 

analysis  and  number  of  bacteria,         ....         13,  582,  583 
effluents  compared  with  drinking  waters, 

127,  249,  259,  314,  403,  416,  457,  597-600,  672 

effluents  turned  Into  streams, 403,  600 

may  the  effluents  from  sewage  filtration  be  used  for  drinking?      .       597-600 

not  dependent  upon  straining, 567 

nature  of, 7,  567,  578,  580,  670-672 

practicable  in  this  climate  in  winter  (see  also  Nitrification  in  Winter), 

39,  255,  401,  402,  443,  455 
practical  management  of  filters  to  arrive  at  an  established  condition  of 
purification  and  maximum    efficiency  (see   also    under    Filter 
Tanks),    .  26-27,  58,  248,  249,  311-315,  398-400,  403,  404,  449-451,  457, 

581-584,  670-672,  676,  678,  679,  681,  683 
quantity  of  sewage  which  can  be  purified  depends  on  the  nature  of  filter- 
ing material,  condition  of  surface,  etc.  (see  also  under  Filter 
Tanks),  24-27,  142,  143,  248-251,  257,  258,  302,  313,  314.  398-400,  403, 
404,  416,  449-451,  495-498,  577,  582-684,  672,  676,  677,  679 
Purification  of  sewage  by  chemical  precipitation,  .        .        .         666-669,737-791 
Purification  of  water  by  intermittent  filtration.    See  Filter  Tanks  Nbs.  8,  18a, 

20  and  20a, 
Purity  of  effluents.     See  under  Effluents,  Purification  and  Filtration  of  Seicage, 

Q. 

Quantity  of  sewage  applied.     See  under  Filter  Tanks  and  Purification. 

R. 

Radlkofer,  Ludwig,  method  of  microscopical  examination  of  water,  .  800,  801 
Rafter,  G.  W.,  method  of  microscopical  examination  of  water,  .  .  808-811 
Rain,  irregularity  in  numbers  of  bacteria  in  effluents,  possibly  due  to,  264,  265,  27C 
Rainfall  and  evaporation,  record  of,  at  Lawrence  Experiment  Station,  702-704 
Raking  or  spading  surface  of  filters,  favorable  effect  of, 

142,  143,  257,  258,  672,  677,  679,  680 
Rate  of  flow  through  the  filters,  efibct  on  quality  of  effluent  and  on  the 
number  of  bacteria  (see  also  under  Filter  Tanks  and  Bacteria), 
45,  46,  65-57,  84-87,  145-146,  158,  159,  265-276,  800,  408-413,  441,  443, 

462,  463,  672-676,  849,  850,  854,  855 
Residue  of  evaporation  in  water  analysis,  determination  and  significance, 

10-13,  715-720 
Richards,  Ellen  H.,  Investigations  upon  nitrification,  ....  863-881 
River  silt  as  a  filtering  material.     See  Filter  Tank  iVo.  4  and  Filtration  Field. 

s. 

Salt,  effect  on  nitrification.    See  Common  Salt. 

Saltpetre,  effect  on  number  of  bacteria  in  effluent, 553 

Sand : 

capacity  of,  to  nitrify  ammonia, 727,  728 
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Paob 
Sand  used  for  fllteriog  water  for  microscopical  ezamiDation,        .        805, 806,  810 
Sands  and  other  materials  used  for  filters  at  the  Lawrence  Experiment 
Station.     See  also  under  Filter  Tanks. 
bacteria  in.     See  under  Bacteria  and  Filter  Tanks. 
comparison  of  efficiency  of  coarse  and  fine  sands,  gravel,  soil,  etc.,  in 

purifying  sewage,        237,  302,  355,  368,  445,  464,  465.  677-591,  670-672 
effect  of  sterilizing  filtering  material,         122,  123,  155,  490,  491,  502,  592,  593 
passage  of  bacteria  through.     See  Bacteria  and  Filter  Tanks. 
relations  of  space  occupied  by  sand,  liquid  and  air  in  filters, 

8,  15,  238,  239,  304,  357,  360,  393-395,  447,  490,  631,  549,  563 
storage  of  nitrogen  In.     See  Nitrogen. 
Saugus  marshes,  mixture  of  peat  and  sand  from,  found  unfit  for  filtering 

material, 535-548 

Schloeslng  and  Muntz,  investigations  on  nitrification,  .        .        .        .7,  SGGy  867 
Season  of  the  year,  eflTect  on  nitrification  (see  also  under  Filte7*  Tanks  and 

Nitrification),  .        .      18,  22,  27,  29,  43,  679-684,  607-612,  091,  692 

Sedgwick,  W.  T.,  biologist 9 

report  of  the  biological  work  of  the  Lawrence  Experiment  Station,  793-862 
Sedgwick-Rafter  method  of  microscopical  examination  of  water,  .  .811 
Sewage : 

American  and  European  compared, 5,  6 

analyses  of  Lawrence  sewage,  filtered  and  unfiltered,  from  December, 

1887,  to  October,  1889 88-121 

analyses  of  Lawrence  sewage,  filtered  and  unfiltered,  monthly  averages 

from  January,  1888,  to  October,  1889, 35,  86 

analyses  of  Lawrence  sewage,  average  composition  for  year,  Novem- 
ber, 1888,  to  October,  1889, 787 

analyses  of  Lawrence  sewage,  average  composition  of  that  used  in  ex- 
periments on  chemical  precipitation, 787 

applied  to  filter  beneath  the  surface  in  Tank  No.  7,  .        .461,  684 

bacteria  found  in,    60, 125.  157, 161,  259,  261,  273,  317,  409,  410,  461,  491,  503, 

546,  553,  566, 682,  587,  739,  740,  742,  748,  750,  752, 

756,  760,  766,  768,  770,  772,  774,  778,  780,  819-844 

chemical  precipitation  of  sewage,  report  of  Mr.  Allen  Hazen  on, 

666-669,  787-791 
composition  of  mineral  Ingredients  in  Lawrence  sewage,  .  .  .  37 
general  character  and  composition  of,    .        .        .    3,  5,  6,  707,  708,  737,  820 

method  of  distribution  on  coarse  material, 24,  25,  566 

method  of  distribution  on  field  in  trenches, 

5,  241,  314,  316,  350-352,  357,  681,  682 

microscopical  organisms  In, 49,50,816-819 

microscopical  organisms  in,  fate  of,  in  filtration 845 

quantity  of  sewage  applied  to  filter  must  be  adapted  to  Its  capacity. 

See  under  Purification. 
relation  of  suspended  matter  to  matter  in  solution,        ....  34-36 
report  of  Mr.  E.  O.  Jordan  on  certain  species  of  bacteria  observed 

in 821-844 

some  of  the  mineral  matter  removed  before  reaching  the  Station,         .        34 

temperature  of,  in  sewer, 16,  239 

Sewage  field, 4,  350-355 

Snow  and  frost,  efiTect  on  filtration.    See  under  Filter  Tanks. 
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Pags 
Soil,  experiments  with,  as  a  filtering  material  for  sewage  (see  also  Tatik 

No,  6) 444,465 

advantages  and  disadvantages  of, 464,  465,  577 

Spading  under  of  surface  of  filters,  favorable  effect  of, 

142,  143,  267,  258.  672,  677,  679,  680 
Spring,  influence  of,  on  nitrification.     See  NitHflcation, 

Sterilizing  material  of  filter,  effect  of.    .        .  122,  123,  155,  490,  491.  502,  592,  593 
Storage  of  nitrogen  in  the  filters.     See  under  Nitrogen, 

Sub-soil  application  of  sewage  in  Tank  No.  7,      .        .        .        457,  458,  461 ,  684 
Sugar  : 

effect  of,  on  nitrification. 184, 135,  730 

effect  of,  on  bacteria, 152, 153,  857 

Sulphate  of  iron,  effect  of,  in  precipitation  of  sewage.    See  Copperas  and 

Ferric  Sulphate. 
Sulphuric  acid  added  to  sewage  checks  but  does  not  entirely  prevent  nitrifi- 
cation,      552,  583,  686,  687,  728 

Sulphuric  acid  added  to  sewage,  effect  on  number  of  bacteria  in  effluent,  583,  858 
Surface  of  filter : 

good  effects  of  spading  under,         .        .  142, 143,  257.  258,  672,  677,  679,  680 
condition  of,  its  relation  to  nitrification.     See  Nitrification. 

T. 

Tanks.     See  Filter  Tanks. 

Temperature,  effect  on  nitrification.     See  under  Nitrification. 

Total  solids  in  chemical  analyses,  method  of  determining,  .        .        .       715-720 

Trenches  filled  with  coarse  sand,  application  of  sewage  by  means  of, 

5,  241,  814,  315,  313-352,  357,  681,  682 
Trenches  in  filtration  field  (see  also  Filtration  Field) ,  .  .  4,  5,  843-^55 
Turbidity,  method  of  expressing, 746 


w. 

Warington,  experiments  on  nitrification, 7.  867-869,  878 

Water,  intermittent  filtration  of, 602-665,  695,  697 

Wells  in  sewage  field,  analysis  of  water  of, 353,  354 

Winkler's  method  for  the  determination  of  dissolved  oxygen,  .  .  722,  723 
Winogradsky,  discovery  of  a  nitrifying  organism,  ....  878-880 
Winter,  nitrification  in.    See  under  Nitrification  and  Purification. 


Y. 

Yeast  in  effluents  from  chemical  precipitation  of  sewage,  a  measure  of 

completeness  of,  removal  of  suspended  matter,  ....      785 


z. 

Zo6gl(Ba, 48-60,  258,  271,  817,  848,  849,  880 

relation  of,  to  effectiveness  of  sand  filters. 848,  849 
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